An Investigation Into the Fate of Electrical and Electronic Equipment (EEE) at End-of-Life to Inform Strategies for Management. by Peagam, Richard.
An Investigation into the Fate of Electrical and 
Electronic Equipment (EEE) at End-of-Life to 
Inform Strategies for Management
by
Mr Richard Peagam MSc (DIG)
Supervisors:
Dr Lauren Basson 
Prof. Chris France
Submitted for the degree of Doctor of Philosophy in Engineering
Faculty of Engineering and Physical Sciences, Centre for
Environmental Strategy
University of Surrey 
January 2014
© Richard Peagam 2014
ProQuest N um ber: 27733210
All rights reserved
INFORMATION TO  ALL USERS 
The q uality  of this reproduction  is d e p e n d e n t upo n  the qua lity  of the copy subm itted .
In the unlikely e v e n t that the au th o r did not send a c o m p le te  m anuscript 
and there are missing p ag es , these will be n o te d . Also, if m ateria l had to be re m o v e d ,
a n o te  will in d ic a te  the d e le tio n .
uest
ProQ uest 27733210
Published by ProQuest LLC (2019). C o p yrig h t of the Dissertation is held by the Author.
All rights reserved.
This work is protected  ag a in st unau thorized  copying under Title 17, United States C o d e
M icroform  Edition ©  ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway  
P.O. Box 1346 
Ann Arbor, Ml 4 8 1 0 6 -  1346
This thesis and the work to which it refers are the results of my own efforts. Any ideas, data, 
images or text resulting from the work of others (whether published or unpublished) are fully 
identified as such within the work and attributed to their originator in the text, bibliography or 
in footnotes. This thesis has not been submitted in whole or in part for any other academic 
degree or professional qualification. I agree that the University has the right to submit my 
work to the plagiarism detection service TurnitinUK for originality checks. Whether or not 
drafts have been so-assessed, the University reserves the right to require an electronic 
version of the final document (as submitted) for assessment as above.
Sections of chapter 2 contain some content developed in association with Dr Kieren Mayers 
(Executive in residence INSEAD) and Scott Butler (Managing Director ERP), this is 
highlighted in the chapter where appropriate.
Richard Peagam 2014 ii
Abstract
Waste Electronic and Electrical Equipment (WEEE) contains materials which can have a 
significant financial value, it can also be damaging to the environment if it is not treated 
properly at end-of-life. It is therefore essential to collect and treat EEE effectively at end-of-life 
to ensure scarce resources are not wasted, avoid the detrimental environmental impacts of 
improper treatment, mitigate the dwindling availability of virgin materials and to conserve 
potential value. The policy principle of Extended Producer Responsibility states that 
manufacturers are responsible for the units they put on the market at end-of-life. This is 
enacted in the EU through the WEEE Directive, implemented in 2003 and due to be revised in 
2012 for implementation in 2014. WEEE collection rates, based on the mass sold in the two 
previous years (the measure used by the European Commission), reported under the WEEE 
Directive are low; around 30% for all household and 6% for non-household IT units (2009 
figures). Accounting for WEEE and treating it correctly is not a straightforward waste 
management issue as there are incentives to divert it (from the financial value of the material 
it contains), which results in dispersal. This dispersal could account for some of the reported 
shortfall in collection.
The goals of the thesis were to establish how the current approach to WEEE regulation 
reflected the reality of waste arising, through a detailed analysis of two established routes for 
the collection and treatment of end-of-life IT; the first being that for household equipment, 
which is monitored and reported under the WEEE Directive, and the second is for non­
household collections which is not. This thesis includes the only contemporary documentation 
of non-household WEEE collection and treatment. Findings indicated that while there was a 
financial value attached to WEEE, reuse was often a more attractive option than recycling but 
only for certain product types. The economic factors that make WEEE units either a potential 
resource or a burden were shown to be highly sensitive to several influences, which could 
present barriers to collection, treatment and regulation. While there are incentives to divert 
WEEE from the waste stream to extract the material value, this means that the WEEE that 
enters current collection networks often has had the value removed already, impacting the 
profitability of exploiting it. The current approach to WEEE regulation was shown not to reflect 
reality of waste arising, and the role of the manufacturer in collection and treatment at end-of- 
life is discussed extensively, arguing that directly linking producer responsibility costs to 
recycling is not feasible nor particularly useful. The goal of policy should be that all WEEE is 
accounted for at end-of-life, the environmental impact of disposal is minimal and the correct 
party has the cost attributed to them, and the thesis uses unique data to outline strategies to 
do this.
© Richard Peagam 2014
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Abbreviations
AATF - Approved Authorised Treatment Facility
B2B - Business to Business
B2C - Business to Consumer
DCF - Designated Collection Facility
EEE - Electrical and Electronic Equipment
EPR -  Extended Producer Responsibility
ERP - European Recycling Platform (producer compliance scheme)
HP - Hewlett Packard (Producer)
IPR -  Individual Producer Responsibility 
PRO -  Producer Responsibility Organisation 
WEEE - Waste Electrical and Electronic Equipment
Terms
Approved Authorised Treatment Facility - Commercial Recyclers of EEE authorised by the 
Environment Agency
Business to Business - EEE sold to business users often directly by the manufacturer
Business to Consumer - EEE sold to household users often via a third party retailer
Designated Collection Facility - Municipal waste disposal site administered by local 
government
Electrical and Electronic Equipment - Computers, entertainment devices, mobile phone and 
other items such as television sets and refrigerators.
Orphan WEEE - products put on the market after the entry into force of the Directive by 
producers which have disappeared or cannot be identified
Producer -  Manufacturers or importers of Electrical and Electronic Equipment
Producer Compliance Scheme - Independent organisation that ensures its member producers 
comply with WEEE Regulations
Reported WEEE System - the municipally controlled network of collection points and 
recyclers that is the prescribed destination of WEEE under EU regulations
Waste Electrical and Electronic Equipment - describes loosely discarded, surplus, obsolete, 
or broken electrical or electronic devices
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WEEE Evidence - Documentation of WEEE that has been collected, which a compliance 
scheme can use to prove to the appropriate regulator of the WEEE Directive that they have 
taken financial responsibility for their obligation under the regulations. This evidence can be 
traded between compliance schemes, so that their members can meet their compliance 
targets.
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Chapter 1 : Background and motivation
1 Introduction
1.1 Background
Waste Electrical and Electronic Equipment (WEEE)1 can be damaging to the environment if 
not correctly treated following disposal (Agarwal 2005; Gutierrez, Lozano et al. 2010). WEEE 
also contains some materials which are becoming increasingly scarce and have significant 
financial value (Zhang and Forssberg 1999; European Commission 2010). It is therefore 
essential to collect and treat EEE effectively at end-of-life to ensure scarce resources are not 
wasted, avoid the detrimental environmental impacts of improper treatment, mitigate the 
dwindling availability of virgin materials and conserve potential value.
In the EU, responsibility for EEE at end-of-life lies with producers enacted legislatively through 
the WEEE Directive (European Parliamentary Council 2003). The WEEE legislation promotes 
Extended Producer Responsibility (EPR) which makes manufacturers, and in some cases 
importers, responsible for the whole of their products’ lifecycle including take-back, treatment, 
recovery and disposal (Lifset 1993). The implementation of such strategies requires, along 
with physical collection, metrics for reporting to correctly apportion responsibility at end-of-life 
(Mayers 2007).
1.2 WEEE arising
There are two distinct streams of WEEE: Business to Consumer (B2C) and Business to 
Business (B2B). B2C is sold to domestic users and is to be disposed of through municipally 
controlled collection points, providing an aggregating system to begin processing. According 
to UK government figures, more than 1.2M t of household electronics were put on the market 
in 2009 domestically and over 454,000t WEEE collected (Environment Agency 2014) i.e. 
about 38% on a mass basis of EEE put on the market. B2B WEEE includes the equipment 
used by Small Medium size Enterprises (SME), large private and public sector organisations; 
co-ordination of collection and treatment is independent ranging from manufacturer 
owned/supported to private organisations. In 2009, more than 300,000t of non-household 
(B2B) EEE were put on the market in the UK. For some product categories, the volume of 
non-household EEE put on the market was greater than household, including IT and 
Telecommunications equipment at 113,000t (compared to 96,000t household) (Environment 
Agency 2014). According to EU figures, 5,800t of B2B IT and Telecommunications equipment 
were collected in 9 in the UK (Eurostat 2009), 5% of that put on the market.
1 See terms (page 8) for definition
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1.3 Motivation for the research
There is increasing pressure on manufacturers to collect and treat more WEEE, particularly 
from a revision of the aforementioned WEEE Directive due to be finalised in 2012. This 
revision will include a mandatory collection target of 65% of that put on the market, updated 
from 4kg/capita in the original legislation (European Commission 2008a and 2008b), meaning 
that obligated producers will need to increase collections as the mass currently financed by 
take-back schemes is insufficient (Environment Agency 2014). The approach of the WEEE 
Directive extrapolates from the EEE market to legislate for WEEE at end-of-life. However the 
flow between the two is highly variable and discontinuous (see chapter 2, section 7). The 
legislation currently assumes that WEEE flows through certain paths when more are in 
evidence; some of these are legitimate and some are not (see chapters 2, section 9.5 and 
chapter 3, section 13.5). In a ‘climate of targets’, with increasingly stringent legislation and a 
pressing need to adequately collect and treat electronic waste, this approach requires 
scrutiny.
The following chapter discusses the current (and the proposed future) regulation of WEEE 
arising, highlighting where it is successful and where its coverage is incomplete (in terms of 
waste arising). The thesis documents the collection of new empirical data, which is then 
analysed to see how the market based approach to e-waste management (i.e. that of the 
WEEE Directive) reflects the actual waste arising and to account for some of the WEEE 
streams currently unaccounted for. EPR is central to the WEEE Directive and much of the 
relevant literature, so the role of the manufacturer in e-waste management is a key theme of 
the thesis to reflect this principle.
2 Goals
The overall goals of this research project are to analyse WEEE collection and treatment in the 
EU, to recommend strategies to improve it and to promote more sustainable legislative 
approaches.
The Objectives are:
to identify discrepancies between waste arising and that sold, to determine if the 
current approach to legislation is appropriate [Research Theme 1]
to map the network structure and governance of WEEE systems which operate 
outside of the current legislation [Research Theme 2]
to identify alternative strategies for data collection for management, highlighting 
knowledge requirements for implementation [Research Theme 3]
to discuss the current, and possible future, role of EEE manufacturers in the collection 
and treatment systems [Research Theme 4]
Richard Peagam 2
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3 Approach
3.1 Scope
WEEE is regulated by the same legislation in all EU member states, which each EU member 
state then interprets to reflect specific national circumstances. While the sustainability impacts 
of WEEE are global, and are discussed as such, the thesis scope is limited to the 27 EU 
member states when discussing regulatory issues. This is narrowed to country and municipal 
levels in specific case studies.
3.2 Research themes
To address the objectives, the research is grouped in to four themes. For the first two themes, 
new empirical data have been gathered. The second two take the findings and, in relation to 
the literature, discuss their implications for the management of WEEE and the role of 
manufacturers and policy makers.
Research Theme 1: Study of WEEE streams currently accounted for through legislation; how 
does waste arising reflect market based assumptions?
Mass flow data for the municipal collection routes for household WEEE, discussed earlier, are 
available through reporting in compliance with the WEEE Directive. Further details, such as 
the mix of products and brands, are not. B2C WEEE is sampled at collection facilities in detail 
as it arises to gather more detailed data. Findings are then compared with the current EEE 
market to explore any deviations.
Research Theme 2: Study of WEEE streams which are currently not accounted for through 
legislation
B2B WEEE collections are not accounted for (via reporting) under current legislation and 
includes a significant portion of that put on the market. The behaviour of parties disposing of 
B2B WEEE is investigated, along with those collecting it, to determine the pathways by which 
it spreads at end-of-life and responsibility for the waste.
In order to study this, data are collected from IT asset managers in three countries to 
determine the fate of B2B WEEE post use. Data are collected to determine responsibility, 
management, disposal, recycling and reuse habits, unit ages and maintenance practices for 
B2B EEE units.
Data are then collected from collectors and processors of B2B WEEE (i.e. the next step in the 
treatment chain) through semi-structured interviews. These are to determine the market for, 
the movements of and the incentives and barriers associated with the management of B2B 
WEEE.
Research Theme 3: Alternative points for intervention and the additional knowledge required 
to do this
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Having mapped out the WEEE flows accounted for by legislation, with the market based 
assumptions challenged, and explored some of the flows which are not accounted for; 
findings are synthesised into a “map of the waste landscape”. This plots the flows of WEEE 
and identifies the actors in a position to influence its path. Potential strategies to cover more 
of the waste stream in reporting are identified, including data requirements. Future research 
requirements, particularly for streams which are not covered in this thesis, are also discussed.
Research Theme 4: The role of the manufacturer
The rise in independent WEEE collection, resource scarcity, increasing collection targets and 
illicit exports all have implications for EPR (see section 1.1). The findings of the thesis are 
discussed in the context of the current and possible future role of manufacturers in WEEE 
collection and treatment.
4 Literature that is relevant to the core topics of the study
The following section presents literature pertaining to the collection, treatment, regulation and 
markets for WEEE from academic, policy, industry and legislative sources which is relevant to 
the work described in this thesis. The literature is grouped by theme, to support the 
discussions and recommendations following the empirical data collection documented in the 
following chapters. The case for correctly managing WEEE in a fashion which is considered 
sustainable is discussed, followed by current management practices within the scope of the 
project i.e. the European Union. The role of the original manufacturer, or ‘producer’, in the 
management of WEEE is a strong theme within the literature, and indeed in much of the 
current and proposed legislation. As such, the history, current status and the potential future 
of the role of manufacturers in WEEE management is discussed.
Individual sources, and bodies of literature, are evaluated critically. This chapter provides the 
background to, and support for, the arguments made by the thesis and is referred to 
throughout. The review also demonstrates how the research contributes to the existing 
literature as an original body of knowledge.
4.1 Conceptual frameworks for discussing the management of waste and resources
4.1.1 The circular economy
The circular economy is a term used to describe a theoretical industrial economy, one that is 
based on the recovery and reuse of materials as they flow through production and 
consumption, with a focus on the conservation of resources and energy (Ellen MacArthur 
Foundation 2012). This is beneficial to environmental sustainability as the use of resources 
and the leakage of materials and energy from the system, which can be manifest as waste 
and pollution, is minimised (Stahel 2012). The principle is a popular framework for discussing 
sustainable production and consumption, drawing on the disciplines of Industrial Ecology (and 
industrial symbiosis), which is discussed in section 4.1.2, product stewardship and Extended 
Producer Responsibility (EPR), resource efficiency and Zero Waste (Clift and Allwood 2011).
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While the scope of the circular economy principle technically encompasses all of the 
production and consumption processes in an industrial economy, such as materials 
extraction, supply chains, logistics and distribution and energy use, in practice the focus is 
often waste. While the fundamental principle of the circular economy is that waste is 
eliminated, this is generally achieved by ensuring that the residues of production and 
consumption and end-of-life products and materials are captured and used (Wrap 2014, 
European Commission 2014, Andersen 2006). Recycling, reuse and the replacement of 
primary resources with the products from the two, are often at the core of circular economy 
initiatives. Research and innovation in this area has focussed on producing high quality 
materials through recovery processes, intervening to promote reuse and innovations that 
incorporate the use of recyclâtes in supply chains that were traditionally dependent on virgin 
resources, as well as generating business models and markets that permit and encourage 
such practices (Andersen 2006, WRAP 2014, Ellen MacArthur Foundation 2012).
There are several similarities between the circular economy and Industrial Ecology, it could 
be argued that Industrial Ecology provides the conceptual framework behind the circular 
economy, which in turn is the successful manifestation of its principles. What further 
differentiates the circular economy from Industrial Ecology is its uptake by industry. Industry 
has doubtlessly been impacted by industrial ecology; extended producer responsibility, 
lifecycle assessment and industrial symbiosis can all be traced to industrial ecology, but 
through programmes like the Ellen Macarthur foundation and WRAP in the UK, industry has 
identified with the principle of circular economy engaging with the theoretical work of 
academics (Benton and Hazell 2014, Ellen MacArthur Foundation 2012, WRAP 2012).
The fact that discussions around the circular economy have frequently been rooted in the 
waste industry has attracted criticism, waste being the unwanted ’end-of-pipe’ process 
purportedly anathema to the spirit of circular economy (Perella 2014). It is argued that this 
position is unrealistic and that it ignores the transition required from the industrial economies 
that currently exist, with established models of production and consumption, to the ideal of the 
circular economy. The waste industry currently collect and manage the potential resources 
that need to be rerouted into the production and consumption processes of the industrial 
economy for a circular economy to exist, these are not just the end-of-life materials and 
products but also the process residues a so they are the logical point of engagement for the 
necessary transition. While it is true that water and energy use and C 0 2 emissions also need 
to be conserved and managed, when these are related to a process in an industrial economy 
they are essentially used as a metric to communicate the efficiency of said process. Some 
processes may be more water intensive, some may emit more C 0 2, use more land or produce 
more waste, but they arise from the fact that not all of the resources or energy that are put 
into an industrial economy process are manifest in utility, they are instead lost as residue 
through inefficiency. If the utility created is in excess to the requirements of the industrial 
economy, then this is an inefficient production of utility and managing this, the driver of all of
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the environmental sustainability impacts associated with an industrial economy, should be the 
focus of policy makers and academics.
4.1.2 Industrial ecology
Circular economy is a useful framework to implement change given its uptake by industry but, 
as discussed earlier, Industrial Ecology provides much of the conceptual background to these 
issues and has resulted in a number of tools and approaches that can be used to support 
strategies to improve the environmental sustainability of industrial economies.
Industrial Ecology is a concept that has given rise to a scientific field which uses natural 
ecosystems as an analogy for human industrial activity. One of the more popular basic texts 
is Gredel and Allenby’s (1995) Industrial Ecology which links industrial activity to the social 
and environmental sciences. There are a number of definitions of Industrial Ecology however 
Erkman (1997) noted that most agree on three key principles. Firstly an inclusive, whole 
system, approach is taken to analysing industrial processes rather than a single, linear, 
portion e.g. a supply chain. Secondly the flows of material and energy outside the company 
boundary are factored into any analysis. Thirdly, most state that key technologies will have a 
crucial role in transforming industrial systems to promote sustainability.
Erkman and Ramaswamy (2003) stated that the principal objective of Industrial Ecology is to 
restructure the industrial system by optimizing resource use, closing material loops and 
minimizing emissions, promoting dematerialization and reducing dependence on non­
renewable energy sources. Industrial Ecology takes a more integrated approach to materials 
cycles from extraction, through the industrial economy to end of use, reclamation and 
recycling. Waste materials and industry by-products can either be worked back into the 
supply chain or become the raw materials for other industries promoting resource efficiency 
(Gredel 1997).
More modern papers include both the complex flows of materials inside and outside of the 
industrial system and the effects of socioeconomic issues like policy, economics and 
technology. This gives a comprehensive view of an industrial economy and its relation to the 
biosphere (Ehrenfeld 2004) (Erkman and Ramaswamy 2003). This allows exchanges of 
materials and energy with the environment to be better understood and the processes and 
linkages in product chain webs to be explored (Bringezu 2003).
Frosch and Gallopoulos (1989) popularised the concept of Industrial Ecology in a paper in 
Scientific American. They proposed the Industrial Ecosystem as an analogue for the natural 
one and outlined their vision of more closed industrial systems where the use of energy and 
materials was maximised and waste and pollution were minimised. They also noted potential 
to achieve this in the metals and plastics industries.
Lowe (1997) noted two distinct strategies for Industrial Ecology. The first is product based, 
focusing on design for environment, LCA and related tools and policy. The second is process
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based focusing on optimizing resource and energy flows across an industrial economy. Lowe 
went on to mention both these approaches are complimentary.
Garner and Keoleian (1995) listed three goals for Industrial ecology within the general 
principle of promoting sustainable development. The sustainable use of resources, through 
the promotion of renewable energy and materials and the efficient use of those which are 
non-renewable, maintaining ecological and human health, by promoting the ecosystem view 
of an industrial economy maintaining function and structure and finally, addressing 
environmental and inter-social inequalities at a global level to ensure equity.
Industrial ecology is objective and takes a multidisciplinary approach to the studies of 
industrial and economic systems and their linkages with fundamental natural systems 
(Allenby 2000). Economic and social approaches are taken as well as environmental and 
technical (Ayers and Ayers 2002) to build a complete view of an industrial economy, the 
industrial process and its relations to the biosphere.
The practical applications of the Industrial Ecology concept are mainly the analytical tools and 
methodologies that have been developed with the Industrial Metabolism in mind including; 
Material Flows Analysis, Substance Flows Analysis and Life Cycle Assessment (Duchin and 
Hertwich 2003).
4.1.3 The waste hierarchy
Accepting that waste management is still very much a necessity in the transition to a circular 
economy, a framework indicating the most preferable approach to this from the perspective of 
environmental sustainability is necessary. The principle at the heart of the circular economy is 
that the processes in the industrial economy should be as efficient as possible, making the 
prevention and minimisation of waste a priority. Where waste is unavoidable, reuse and then 
recycling are the next best options as they create utility from the process residues and end-of- 
life materials and can replace virgin materials in the production supply chain. As a last resort, 
any calorific value in the material should be used to create energy, with landfill as the least 
preferable option (Price and Joseph 2000). This framework is codified by the waste hierarchy, 
developed by Schall in 1992. It has been appropriated into waste policy in the EU and 
features in the overarching Waste Framework Directive, applicable to all member states 
(European Commission 2008d).
4.1.4 A justification for a focus on WEEE
WEEE can be considered a priority candidate for the application of the above frameworks for 
conserving resources and managing waste arising, as it contains both materials that are 
valuable and evidently recyclable, but also materials that are environmentally damaging. As 
noted by Widmer et al. (2005), there is a significant opportunity for businesses associated 
with electronic waste, which could be a driver to conserving the useful materials as part of a 
circular economy. As per the waste hierarchy, reuse is the most preferable management 
option for WEEE at end-of-life and as the established patterns of consumption for EEE mean
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that end-of-life units tend to be suitable for another use phase, there is an opportunity to 
promote reuse (Ongondo and Williams 2012). WEEE is the fastest growing waste stream and 
will become an increasing issue across the world, illegal exports from Europe and the USA to 
Ghana and Nigeria are a source of environmental and social damage, discussed later, but 
electronic waste arising from within these countries are projected to exceed imports (Babu et 
al 2007). The literature demonstrates that the management of WEEE is critical to ensure the 
environment is protected, but there is also an opportunity for it to be a driver of reuse or high 
quality materials where value is conserved in a circular economy. As such, WEEE is a useful 
area to focus research and analysis.
4.2 The sustainability implications of WEEE
4.2.1 En vironmental impacts
The treatment of WEEE can be complex and hazardous and illegal networks that intervene in 
flows that are considered to be legitimate to redirect units (known as leakage) are well 
established. There is a growing concern in this area, illustrated by articles in the media on 
illegal shipments (Warren 2009) and the social and environmental impacts of improper 
treatment (Johnson 2010). Non-Governmental Organisations also report the sustainability 
impacts of WEEE. These include the Environmental Investigation Agency which, in a 2011 
report, documented the detrimental impacts of WEEE and how mismanagement by actors in 
the recycling industry can lead to environmental and social impacts being manifested in 
developing countries through illegal shipping (Environmental Investigation Agency 2011). 
Greenpeace (2008) estimate that up to 75% of the second hand electronic goods sent to 
Africa are unusable and launched an investigation into the environmental impacts of WEEE 
through soil samples at dumping sites. The study found that many samples contained 
numerous hazardous substances including very high levels of the toxic metal lead; chemicals 
such as the phthalates (e.g. bis(2-ethylhexyl)phthalate and dibutyl phthalate), which are 
known to interfere with sexual reproduction; and chlorinated dioxins known to promote 
cancer.
4.2.2 WEEE as a resource?
WEEE has been highlighted as a potential resource for recovery. The intrinsic value of many 
of the materials contained in WEEE makes it a potential commodity (Zhang and Forssberg 
1999; Cui and Forssberg 2003); (Figure 1). Pressure on the availability of raw materials is 
increasing; the EU reported 14 critical minerals at risk due to high demand from limited stocks 
(European Commission 2010). It is feared that resource pressure could have severe, 
negative, social impacts in vulnerable countries which have these commodities as a multitude 
of actors look to exploit them (Wallstrom 2010). Many of these materials are abundant in 
WEEE making it a potentially viable alternative source. Increasing demand and dwindling 
resources impact commodity prices making alternatives to raw material extraction (including 
WEEE recycling) attractive.
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Figure 1. A gold plated hard drive from a computer at a recycling centre in Romania 
(photograph taken by the author)
There is anecdotal evidence of increased illegal activity targeting valuable materials and it has 
been hypothesised that increasing commodities prices are a driver (Edemariam 2008. 
Reports of metals theft from railway lines, catalytic converters from cars, power cables and 
public artworks have appeared in the media and linked to increasing resource values 
(Edemariam 2008; Hough 2011; Mundy 2011). The Public Policy Exchange estimate that 
metal theft cost the UK £777m in 2010 and the British Transport Police have stated that 
metals theft is their second greatest concern after terrorism (Carter 2011).
There is a concern that increasing materials prices, increasing competition in end-of-life 
collection and increasing demand will lead to scarcity, threatening industrial production. This 
was one of the motivations behind the EU critical minerals report (European Commission 
2010). So called ‘rare earth’ elements are critical for electronics and their potential scarcity 
has been highlighted as a severe cause for concern due to the location of mining facilities and 
competition from other industries (Kopacek 2011). Prices for these materials have indeed 
risen, but this has made previously unattractive sources of rare earths more viable in a 
relationship analogous to critiques of the ‘Peak Oil’ principle (Broadband 2011; Maley 2011). 
The quantities of rare earths used in technology since their introduction have also decreased. 
For most EEE products, the costs for materials are relatively small when compared with those 
for labour, development and transport so manufacturers could absorb the financial impacts of 
scarcity (McIntyre 2011). While resources are indeed becoming increasingly scarce, the costs 
that industry will bare are comparatively small (when considering their other costs when 
manufacturing technology products) and it is argued that the Environmental impacts of 
resource extraction, processing and use should be the focus of policy makers and not 
affordability.
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4.2.3 A growing concern
The volume of WEEE arising is expected to increase as the market for electronic equipment 
grows. It is not unreasonable to assume that the sustainability issues discussed here, 
unchecked, would increase with greater throughput. Traditionally, the bulk of WEEE arising 
came from the developed world, impacting upon developing countries when illegally exported. 
This is set to change, as WEEE arising from developing countries is also increasing at an 
exponential rate (Schluep, Hagelueken et al. 2009).
4.3 Current management of WEEE
4.3.1 Legislative tools
4.3.1. a The WEEE Directive
The WEEE Directive came into force in 2003, designed to prevent electronic waste from 
entering landfill, and is mandatory across all 27 EU member states. WEEE accounted for just 
1% of waste in landfills at the time and it has been argued the specific waste stream was 
prioritised due the hazardous chemicals it contains (Castell, Clift et al. 2004). The EPR 
principle is at the core of the Directive; manufacturers are financially responsible for end-of- 
life collection and treatment of units as they arise based on their share of the market in the 
previous two years. The developers of the legislation intended to provide manufacturers with 
incentives to design for end-of-life treatment through differentiated costs (section 4.4) Castell, 
Clift et al. went on to argue that this was not successfully realised.
The technical aspects of the legislation are implemented differently in each state as the 
Directive was transposed for country level enforcement between 2003 and 2007, with the UK 
as a laggard in the adoption process (BBC 2007). Some elements are universal, including the 
minimum collection target of 4kg/capita in all states. Since implementation, every member 
state exceeded this target in each year with data for compliance taken from municipally 
controlled take back systems for domestic users (Eurostat 2009). These figures exclude all 
other collection streams including those through retailers and for B2B. During interviews for 
the research in chapter 3, it was found that the few B2B figures reported were from ‘one off’ 
trials submitted voluntarily by the researchers to the member state government.
The European Commission proposed an update to the WEEE Directive in 2008, noting that 
the 4kg/capta target did not reflect the volume of waste arising and that the illegal trade in 
WEEE at the EU borders was an increasing concern (European Commission 2008c). The 
update, or recast, includes a minimum collection target of 65% of that put on the market in 
each member state in the previous two years. The aim of the recast collection target is to 
increase the mass of WEEE that is treated properly in regulated systems, particularly as 
current reporting states that this is the case for only a third of that arising and the European 
Commission believes that some of the remainder may be diverted to landfill. Given the 
intrinsic resource value of WEEE, along with a growing body of evidence demonstrating
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awareness off this value (chapter 4, section 16), the idea that a greater mass of WEEE is 
being disposed in landfill sites than when the Directive was put in place is counterintuitive. 
Also, current reporting does not include B2B or retailer returns. All of the WEEE that enters 
the municipally controlled systems, the mechanism put in place for manufacturers to comply 
with the EPR law, is collected, treated and appropriately financed. There is undoubtedly a 
problem with the current implementation of the WEEE Directive, but increasing collection 
targets does not address the problem: WEEE is being collected at end-of-life, but the data is 
not captured from both legitimate and illegitimate routes outside of the municipally controlled 
stream. Manufacturers can only take responsibility for the WEEE they are in a position to 
obtain.
4.3.1.b RoHS Directive
The Restriction of Hazardous Substances Directive, or RoHS, was brought into place as a 
‘sister’ legislation to the WEEE Directive. While it does not directly influence the collection and 
treatment of WEEE, it was developed to reduce the impacts of the hazardous substances 
contained in it so the two legislations are interdependent. The RoHS Directive regulates the 
use of certain substances in products which could be substituted with alternatives that are 
considered to be safer, some are banned outright and some are allowable in limited 
quantities. There are exemptions in a limited number of product categories on grounds of 
feasibility. The Directive was proposed in 1998 as a measure to combat pollution from 
cadmium, was adopted by the EL) in 2003 and brought into force in 2006. In practice, the 
Directive covers number of substances including lead, mercury and hexavalent chromium, a 
list which is constantly evolving (Lea 2004; European Commission 2011).
4.3.1.c The Basel Convention
The Basel Convention, or ‘Basel Convention on the Control of Transboundary Movements of 
Hazardous Wastes and their Disposal’, is an international treaty designed to reduce the 
movements of hazardous waste between nations. As environmental regulations began to 
make the disposal of hazardous substances more expensive, some actors began shipping 
waste to developing countries and Eastern Europe where the regulations did not apply. The 
treaty was developed to combat this practice, it came into force in 1992 with the most recent 
amendment in 2005 (UNEP 2005). 175 nations have signed the convention since the first 
draft in 1989, with 3 of these yet to ratify.
The treaty prohibits the transboundary shipment of WEEE as it can contain a number of 
hazardous substances. The treaty does not apply to EEE being exported for reuse, however, 
which can cause problems as there is no objective measure to differentiate between EEE for 
reuse and WEEE for disposal, creating a loophole for unscrupulous actors. Up to 70% of all 
imports into West Africa in 2009 were used EEE, 30% of which were non-functional 
(Terekhov 2011). Also, some countries do not have industrial recycling plants to process
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WEEE to maximise its resource potential and the Convention prevents them using facilities in 
other countries.
The Basel Action Network is an organisation which serves as a ‘watchdog’ for the Basel 
Convention, of which it has been highly critical. It has argued that the treaty does not go far 
enough to prevent illicit shipments and hold the signatories to account, highlighting the 
continued illegal export of WEEE to developing countries as evidence (Puckett 2010).
4.3.2 Academic studies of WEEE systems
4.3.2.a Management reviews
In 2011, Ongondo and Williams et al reviewed the WEEE collection and treatment systems in 
place in a number of countries via a review of published literature. This included detailed 
accounts of the UK and German systems from within the EU27. The paper notes that the 
volume of WEEE arising is increasing and also argues that existing estimates of these figures 
are too low. The paper suggests that the EU system is more developed than many others, 
based on analysis of the literature, despite achieving a recovery rate of only a third of that put 
on the market in the previous two years. It also describes how the transposition of the 
regulations for member state implementation has attracted criticism from commentators, 
noting reported differences between theoretical waste policies and observed practice ‘on the 
ground’ (Ongondo, Williams et al. 2011).
Huisman and Magalini (2007) were highly critical of the transposition of the Directive to the 
country level, describing it as ‘becoming a complete chaos’. They argued that a radical 
change to the way that the regulations were applied, such as permissible methods of 
compliance for obligated producers, was needed to realise the original intentions of the 
Directive, lamenting the lack of incentives for eco-design in its implemented form.. Widmer, 
Oswald-Kraph et al. presented a review of legislation for WEEE from countries across the 
world in a paper published in 2005.. The WEEE Directive came into force two years 
previously to publication and features prominently in their review. The paper documents how 
e-waste arising in countries without WEEE management legislation can be damaging, 
highlighting knowledge transfer partnerships that have been used to mitigate the impacts. 
Among the many conclusions, the paper highlights a lack of reliable data on WEEE arising as 
a barrier to effective policy making in this area (Widmer, Oswald-Krapf et al. 2005).
4.3.2.b Methodologies to measure sustainability impacts
Georgiadis and Besiou (2010) published a highly detailed systems dynamics model of a 
closed loop supply chain and applied it to the Greek WEEE system. The results of the tests 
were largely intuitive e.g. resources available increased when recycling increased, but the 
purpose of the paper was to demonstrate the efficacy of the model as a tool for designing 
sustainable systems. The authors suggested that manufacturers could use their model to 
reduce their environmental impact when setting up their WEEE compliance systems.
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Gutierrez and Lozano et al. (2010) developed a new methodology for assessing the overall 
impact of WEEE by combining multivariate statistics with Life Cycle Assessment (LCA) 
(Gutierrez, Lozano et al. 2010).This study itemised some potential WEEE flows and 
discussed the impacts of these flows. Again, the methodology is highly detailed however the 
application was limited as it was intended to demonstrate a potential methodology for 
analysis, rather that comment on existing WEEE systems (Gutierrez, Lozano et al. 2010). 
McLaren et al. (1999) used dynamic models to examine the energy flows of a mobile phone 
take-back scheme. The potential application of dynamic modelling techniques in regulatory 
and industrial decision making was discussed. The closed nature of a singularly owned take 
back network is ideal for such techniques, as all the nodes and many of the parameters can 
be noted to create a highly effective model. For the wider WEEE system, with many actors 
and stakeholders and incomplete reporting, it was argued that these techniques may not be 
as effective.
Hischier et al. (2005) carried out a combined Life Cycle and Material Flow Analysis for WEEE 
recycling in Switzerland, comparing recycling benefits to the environmental impacts of the 
process. This approach does not consider the resource scarcity issues surrounding WEEE. 
The study highlighted the environmental implications of extracting embedded materials from 
WEEE, but concluded that recycling was the best option for disposal. The study also noted 
the relatively high collection levels in the non-WEEE Directive controlled Swiss system. The 
study set the system boundaries as the two established recycling networks in Switzerland, 
accounting for 75000t of WEEE in 2004. It failed, however, to comment on how this figure 
related to total waste arising, focussing only on the WEEE within the reported system.
4.3.2.c Consumer disposal habits relating to WEEE
There have been investigations into the disposal habits of consumers for B2C WEEE 
including the E-Scope work of Mayers and Cooper (Mayers and Cooper 2000). The project 
investigated factors influencing the product use phase residency time and routes out of the 
WEEE system, gathering empirical data for different product types. Studies have also noted 
that the duration of the EEE use phase is variable and there is a tendency towards inaction 
among consumers in terms of disposal and reuse (Darby and Obara 2005; Khetriwal, 
Kraeuchi et al. 2009).
The above academic studies of WEEE management either take a high level overview of the 
systems in place or discuss tools to measure environmental impacts using aggregate data 
from official sources. These studies often refer to WEEE networks which are not reported, but 
then concentrate their analysis on those which are. If reporting for the WEEE Directive is to 
be believed, the majority of waste arising is not in the aggregating, reported, collection 
system. It is in this wider context that the thesis will contribute to the literature. The literature 
included studies on the environmental impacts of WEEE, the principles behind responsibility 
and the structure and dynamics of the reported collection and treatment networks. The WEEE 
outside these networks, which could be unmanaged and is unreported, however, has not
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been much addressed by the academic literature, possibly due to the scale and scope of the 
issue. While statistically relevant studies, or full dynamic models, may be impossible due to 
the magnitude and diversity of flows; the wider issue of the unreported WEEE still needs to be 
addressed. By highlighting the deficiencies of current collection and treatment systems, 
proposing alternatives and demonstrating how end-of-life EEE management affects resource 
scarcity, pollution, illegal exports and producer responsibility, the thesis will contribute to the 
debate with a view to providing a resolution to a growing area of concern.
4.3.3 Management of WEEE in practice
4.3.3. a Detailed description of B2C WEEE management in the UK
While each country’s interpretation of the WEEE regulations is slightly different, they must all 
meet the same centrally prescribed collection targets (European Parliamentary Council 2003). 
Initial discussion will focus on one country as a case study, the UK, to examine WEEE 
Regulation in practice. Preliminary engagement with industry bodies, manufacturers and 
producer compliance scheme European Recycling Platform (ERP) helped the development of 
a map of the waste management flows for B2C WEEE in the UK (Figure 2). Once household 
users have finished using their EEE, they have a number of options for disposal; the route 
which is covered by reporting for the WEEE Directive is that which flows through municipally 
controlled collection facilities (known as Designated Collection Facilities or DCFs in the UK). 
As noted earlier, manufacturers are responsible for financing this route and their compliance 
schemes have contracts with local authorities to dispose of the WEEE that aggregates at 
DCFs. These compliance schemes contract to independent recycling Approved Authorised 
Treatment Facilities (AATFs), who have licenses from the Environment Agency (EA) to collect 
and treat WEEE. Compliance schemes report their collection rates to the EA who collate 
these to compare them with sales data from manufacturers. This information is used to report 
to the EU and to charge manufacturers for WEEE recycling based on their market share. UK 
compliance schemes report 13 WEEE categories; however there are only five physical 
streams for collection; Large Domestic Appliances, Small Mixed WEEE, Display, Cooling 
Equipment and Gas Lamps. The small mixed WEEE stream contains nine categories, 
reporting is split by a formula based on assumptions on the relative proportions of various 
product types within the total mass; the mixed WEEE protocol (Environment Agency 2014).
The current UK B2C WEEE system can be split into two distinct areas in terms of producer 
influence, pre and post collection at Designated Collection Facilities (DCFs) (Figure 2). This 
overview of the UK B2C WEEE system was published by the author of the thesis in the 
Journal of Industrial Ecology, in the collaborative paper Mayers et al. 2011 which is included 
in the appendix. Post collection flows are regulated through the WEEE Directive and the 
Environment Agency, and can be influenced by producers via compliance schemes. Pre­
collection (post disposal) flows depend on the actions of independent consumers. While 
producers can incentivise and inform the consumer, they are ultimately unable to directly
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intervene in this part of the system. EEE manufacturers have reported return rates of between 
30 and 40% at Designated Collection Facilities (DCFs) (Fleironymi 2009; Perry 2010), the 
gateway between the pre and post collection networks, so it could be suggested a large 
volume of WEEE may leak pre-collection. Research documented in this thesis has also 
shown there is system leakage in the post-collection network (chapter 2).
Household WEEE
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e.g. Kitchen bin for 
smaller items
Export for 
Reuse
Municipal
Recycling
Centre
Bulky
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Collections
In Store Take  
Back
Landfill / 
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*  WEEE Flow usually NOT under responsibility of PROs
Figure 2. UK B2C WEEE process map (Mayers, Peagam et al. 2011)
4.3.3.b The collection and treatment of Business to Business (B2B) WEEE
B2B EEE includes the equipment directly procured from manufacturers by Small Medium 
sized Enterprise, Public Sector and large private customers. Regular procurement contracts, 
unit leasing and maintenance schemes can sustain a relationship beyond the initial 
transaction. With the more direct link to the market, and with it, the waste stream it seems 
reasonable to assume that some of the barriers to collection could be less apparent in some 
cases than B2C. There is very little literature dealing with the B2B stream; as such anecdotal 
accounts of the B2B system were gathered at the outset from producers and compliance 
schemes to begin the study (chapter 3, section 11).
As a preliminary study for the thesis, a large compliance scheme in the UK was consulted and 
they reported that there is very little B2B WEEE flow into the B2C stream. Engagement with a 
producer, however, found that manufacturer take back accounts for a very low (unquantified) 
proportion of units on the market and has no separate treatment infrastructure. Compared
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with the overall size of the market, a relatively small amount of B2B WEEE is reported as 
collected under the WEEE Directive; 5% of that put on the market in the UK for example, 
contrasted with 38% for household, and the data sets are very incomplete (Eurostat 2009). 
Consequently it is considered essential to engage with users to better understand IT asset 
management, particularly at end of life, to better determine the fate of WEEE in the B2B 
system.
Huisman and Magalini (2007) noted the difficulties present in differentiating B2B WEEE from 
B2C in practice, as some types of equipment can be classified as either depending on their 
application, had led to difficulties in financing collection and treatment. They suggest an 
approach based on waste arising would be more sensible. Treating WEEE as it arises would 
clarify the B2C/B2B differentiation issue as they arise at different points in the waste stream 
(Huisman and Magalini 2007). Extending the reporting system of the WEEE regulations to 
intervene elsewhere is not being discussed by legislators at present and will be referred to 
elsewhere in this thesis.
The Supporting Document to the WEEE Directive revision does mention the B2B streams 
(although there is no explicit strategy to account for it), noting that a large volume of WEEE is 
collected and unreported. It concludes that B2B WEEE should be included in the proposed 
collection target for environmental, economic and social reasons (2008). The UK based 
charity Computer Aid also addressed the issue of unreported B2B WEEE in a report they 
commissioned in 2011. After interviewing 100 IT decision makers for B2B IT at end-of-life 
they discovered that although 83% of respondents were aware of their obligations under the 
WEEE Directive, 1 in 5 were not confident that their units avoided landfill (Bourne 2011). This 
research was published after the work described in chapter 3 was completed and several 
findings corroborate the conclusions drawn from the survey of asset managers (as is 
discussed in that chapter).
4.3.3.c How the resource industry around WEEE reacted to the drivers to intervene
The operations of the infrastructure for treating WEEE is currently evolving, the financial 
imperatives that govern how value can be recovered are developing and the sector, either by 
design or through being forced by circumstance, is adapting. Taking the infrastructure in the 
UK as an example, development began in the early 2000s as the requirements of the first 
WEEE Directive created an incentive for the private sector (it wasn’t actually implemented 
until 2007 in the UK, but the EU level adoption in 2003 and the associated conversation drove 
development) (Turner and Callahan 2007; Dalrymple et al. 2007). Manufacturers of EEE were 
now financially responsible for the collection and treatment of EEE at end-of life and the UK 
was set a target by the European Commission to collect 4 kg/capita (European Commission 
2003).
This driver precipitated the construction of AATFs across the UK, large recycling centres that 
shredded material that Local Authorities collected at household waste sites with material
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brought to them by Producer Compliance Schemes (PCSs) (Ongondo and Williams 2012; 
SWEEEP 2014; Angus Council 2007; Sanderson 2007). The growth of these large plants 
arguably reached its peak with the commissioning of a 100ktpa AATF in South Wales by the 
SIMS group, which according to the Environment Agency’s (2014) Waste Data Interrogator 
handles the greatest mass of WEEE in the UK (SIMS 2014). The AATFs, despite their 
effective subsidisation by PCSs, have arguably never realised their potential to be profitable; 
the Wincanton group, a logistics firm, expanded into collecting and treating WEEE via AATFs, 
but subsequently sold their processing assets to SIMS as the venture was not financially 
viable (Mann 2010). Overton recycling, was forced into administration and the plant was 
bought as an addition to the Environcom reuse business (Date 2014). Perhaps most notably, 
in 2014 SIMS announced a restructure as their WEEE shredders are no longer financially 
attractive and were in consultation to close the 100kt South Wales plant, which would result in 
the loss of 100 jobs (BBC 2014).
This phenomenon is counterintuitive, there is policy in place to ensure WEEE is recycled and 
WEEE is one of the fastest growing waste streams. Despite this, WEEE Directive collection 
rates have been historically low (circa 35% of sales, see section 3.3.3.b). This is because the 
WEEE Directive reporting only reflects part of the story of UK WEEE infrastructure. Large 
reuse organisations, operating as formal enterprises, such as Environcom are thriving 
(Chynoweth 2014). Light Iron shredders, which can legally include Large Domestic 
Appliances in their feedstock, are similarly doing well with EMR as the market leader 
(Environment Agency 2014). These operations have a high material recovery rate and have 
innovative plants and business models, which include collocated energy from waste facilities 
for shredder residues and long term contracts for polymers (MBA Polymers 2014). These 
organisations operate without the PCS subsidy and are thriving, but go completely 
unrecognised by the UK WEEE Directive reporting.
4.3.4 WEEE and the waste hierarchy
The above literature shows that the way WEEE is currently managed is dictated by the 
commercial imperatives associated with collection costs and the value of recovery, within the 
bounds of what is permissible in the framework of the relevant legislation. Whether the 
systems that have arisen based on these imperatives fit with the waste hierarchy or the 
principles of circular economy is debateable. Reuse is the most preferable option for the 
management of WEEE at end-of-life and there is certainly great potential in this type of waste, 
as noted in section 4.3.2.c; current habits for EEE consumption mean that units could often 
have another use phase, after the first user has found them to be obsolete. This preference 
for reuse should be tempered with a caveat though, there needs to be a valid end market for 
the reuse unit firstly, to ensure that there is a market driver to make the practice attractive to 
potential operators, and secondly to ensure that the resources that go into preparation for 
reuse are not wasted. There have been several studies and initiative to encourage reuse for 
WEEE, in the UK many have been driven by WRAP. This publically funded organisation has
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driven the formulation of a standard for reuse activities and the products, the PAS 141 
accreditation (WRAP 2011a). Organisations that prepare units for reuse can apply to have 
their activities and products audited, by suitably qualified practitioners, and if they meet the 
various criteria they can use the quality standard. The premise is that the standard will instil 
consumer confidence in the reuse units, opening new and secure markets for the products to 
generate a market driver, and ensure that the reuse organisations produce a good product. 
WRAP (2011b) have also undertaken research into the business models associated with 
reuse, quantifying the value in units discarded and HWRCs. They estimated that there could 
be a market worth £200m if the units were reused rather than sent for recycling (WRAP 
2011b). This study, however, failed to consider whether there was actually a market for the 
units themselves; the researchers looked at the feasibility and the costs or repair and 
potential pricing, in comparison to the material market, but did not take the next step to see 
whether the pricing could translate into sales. Similar studies into the feasibility of reuse have 
been undertaken by Dindarian (2011), who explored the functionality of WEEE arising at 
HWRCs from a reuse perspective. Dindarian concluded that while there was a great potential 
to reuse more of the WEEE being recycled, more technical information was required to be 
able to repair it. Again, this study did not focus on the need for a viable market for the reuse 
products, but on the technical feasibility of repair or refurbishment. Anderson et al. (2012) 
reviewed the markets for reused large WEEE items, concluding qualitatively that the demand 
was high. They did not, however, collect any empirical data to support this, or suggest what 
the magnitude of this demand might be. They also concluded that these markets were likely 
to be in Africa and as noted in section 4.2.1, this can cause social and environmental 
problems. Curran et al. (2006) reviewed one of the other routes to access WEEE for reuse, 
UK Local Authority collections for bulky waste. They researched the services offered by all UK 
Local Authorities and concluded that the Local Authorities were not aware of the value of the 
units that they collected via reuse and that an opportunity to capture value was being missed.
The analysis of the literature indicates that, for the reuse of WEEE, feasibility is insufficient as 
a driver for activity, there needs to be a business model that supports it too. Researchers 
have explored the possibilities, drawing on the reverse logistics literature to support their 
work. Atasu et al (2008) carried out a review of the literature pertaining to the economics of 
reuse, categorising the papers by research approach. Their key criticism was that the 
researcher’s approaches and recommendations had become “institutionalised”, i.e. they were 
too theoretical and they needed to base their approach in industry practice.
Many of these papers reference what is likely the benchmark in this area, the business model 
of Xerox who introduced modularity into their photocopiers and printers for businesses. These 
units could be easily upgraded, repaired and reused as the functional elements of them were 
interchangeable within the main structure. This meant that product lifetimes could be 
extended, as new innovations could be integrated into existing units and a module in need of 
repair could be quickly swapped for a new one, which could then be refurbished for use in 
another machine (Kerr and Ryan 2001, Seaver 1994, Maslennikova and Foley 2000). Despite
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these relatively early advances at Xerox, however, modular based design for integrated 
remanufacturing is far from the norm. The nature of the units, office printers and copiers, may 
well lend itself to such practices; drivers for consumption may well be different for these types 
of product when compared to mobile telephones and laptops. Nevertheless, it remains a good 
example of how a units design can facilitate reuse, in an approach in keeping with the waste 
hierarchy and the circular economy and it is a good example for people looking to innovate in 
this area.
4.4 The role of the manufacturer
4.4.1 Extended Producer Responsibility (EPR)
ERR is a policy principle whereby the manufacturer of a product is responsible for it 
throughout its life cycle, from extraction through processing to end-of-life and disposal with a 
view to reducing its overall environmental impact. The principle was first defined by Lindqvist 
in 1990 in a report to the Swedish Ministry of Environment and has become a core principle in 
number of environmental policies globally (Lindqvist 2000).
Several policies were influenced by, or explicitly refer to, EPR within the EU, including the 
End-of-Life Vehicles Directive, the Packaging Directive, the Batteries Directive and the WEEE 
Directive. The EPR principle is manifest in this legislation through mandatory end-of-life 
collection for manufacturers such as that included in the EU WEEE, Battery, End-of-life 
Vehicle and; Packaging Directives (European Parliamentary Council 2003; Roine and Lee 
2006; Gerrard and Kandlikar 2007; Sylvia 2007) and incentives for eco design as found in the 
Packaging Directive (Lindqvist 2000). The most relevant to this research is the WEEE 
Directive, discussed earlier.
4.4.2 Individual Producer Responsibility
IPR is another policy principle, stemming from the broader concept of EPR, whereby linking a 
producer to differentiated end-of-life costs is assumed to promote product design for easier 
recycling and reuse (Lindqvist and Lifset 1997). The principle was developed in the context of 
WEEE and to date has only been applied in this area.
There are a number of potential strategies for IPR, some already implemented and others 
exist in concept (Atasu and Subramanian 2009). Strategies range from the relatively abstract 
economic responsibility options to direct, segregated, producer owned infrastructures. The 
IPR Works network (2010) has described case studies for a number of these approaches 
from around the world, evaluating their effectiveness with a view to making policy 
recommendations to implement IPR in the EU. While these systems are in place, none cover 
a whole waste stream or country (Dempsey, Rossem et al. 2010).
It was developed as a counterpoint to the collective, market share, based responsibility 
system in place. With the collective approach there is no link and therefore no incentive to 
design for end-of-life. In 2003, Lindqvist and Lifset noted that “The general arguments for
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creating design incentives have been repeated many times, but how these systems could be 
organised in order not to cause unreasonable costs still has to be outlined in detail”.. IPR was 
included as goal of the WEEE Directive; it is also included in the proposed recast, however, 
does nothing to elaborate on the intention (European Commission 2008c).
The variability of the WEEE system, particularly in terms of how long a unit might be used for, 
causes problems when apportioning responsibility. Dealing with waste as it arises leaves 
scope for unscrupulous actors to avoid account, the products of defunct companies to be left 
untreated and units damaged beyond recognition to be unassigned. These issues are a large 
problem as the preliminary research will show in chapter 2. One proposed solution is to have 
producers financially underwrite the system (Sverkman Lànsfôrsakringar 2007), another to 
have visible fees, i.e. a tax on consumers, when purchasing the product. If these strategies 
are to be implemented, however, the indeterminate residence time in the use phase and the 
logistics of tracking units at end-of-life needs to be resolved in order to have adequate 
finances available to cover collection and treatment. The administrative burdens could also be 
unacceptably expensive. Some of these approaches have been met with criticism (Clift and 
France 2006) and as Lindqvist and Lifset (2003) noted, how these systems could be 
organised in order not to cause unreasonable costs still has to be outlined in detail.
4.4.2. a Challenging the assumptions of IPR
Feasibility aside, the very principle of IPR relies on the assumption that reduced end-of-life 
costs could be enough of an incentive to influence the design of a product. The bulk of the 
production costs for EEE products are for labour, transport and storage (McIntyre 2011) and it 
is not unreasonable to assume these factors are a priority for manufacturers when looking to 
reduce costs through design adjustments.
In the UK, manufacturers are charged around £200 per tonne for small mixed WEEE 
recycling, this category includes laptops (Environment Agency 2014). Taking 2.5kgs as a 
standard laptop weight (McIntyre 2011), the costs of recycling to the manufacturer would be 
50p per unit under the current ‘collective responsibility’ system (as a laptop is charged as 
Small Mixed WEEE in the UK). A proportion of these costs are for collection, transport and 
storage which would still be necessary under IPR and there would still be some expense for 
treatment, however optimised the process is, hence the potential saving through a design 
change would be less. Initial studies on the age of WEEE in the waste stream have shown 
that the majority of units are 4-7 years old (chapter 2, section 9.5.2 and chapter 3, section 
13.4.4), and the financial dividends of IPR would only be realised on collection and treatment.
The IPR principle works on the assumption that the opportunity to reduce end-of-life costs is a 
large enough incentive to influence design. When compared with the other cost areas of 
manufacturing and bringing a unit to market, also considering the time between investment 
and dividend, charging a producer based on how much it costs to recycle on of their units 
may not be as attractive an incentive as the literature suggests. There are other savings that
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are instantly available (such as on those associated with logistics) that could be realised by 
through investment in design and these might be more attractive to manufacturers than 
deferred savings on factors that have a comparatively low cost, such as end-of-life.
Design for environment is a commendable principle, important for sustainability in 
manufacture and to be encouraged. End-of-life regulation and legislation is already complex, 
as already discussed, with many core issues to be resolved including collection levels, 
treatment standards and leakage. Attempts to influence other lifecycle stages in parallel have 
largely failed in practice, may not have the desired effect through lack of incentive and could 
detract from its main role i.e. ensuring the proper collection and treatment of WEEE to avoid 
the associated environmental impacts as defined by regulators.
5 Contribution of the research to the literature and approach
When approaching WEEE management, the reality of the current situation needs to be 
addressed. There are clear sustainability impacts arising from mismanagement, as illustrated 
earlier. The first legislative tools that were implemented to tackle the increasing WEEE 
problem, including the Basel Convention and the WEEE Directive, were developed in a waste 
management context. WEEE was a burden due to the treatment requirements of the 
hazardous materials it contains and as such there was an incentive to dispose of it outside of 
regulations. These requirements still exist, but increasing commodity prices have given 
WEEE an intrinsic value and the current literature suggests that the revenue from managing 
the wastes outweigh the costs.
Due to legislation with a focus on EPR, manufacturers finance the system for collection and 
treatment in the EU. There should not be a reason for waste managers to export WEEE to 
avoid regulations or to send it to landfill as if they wish to exploit the resource, such practices 
are demonstrably profitable and if not, the manufacturers have finance proper disposal by 
law. Despite this, illegal export remains a serious problem and collection rates though 
Producer Responsibility Organisations (PROs) are low, particularly for B2B, continuing the 
debate on how best to manage WEEE arising.
From the recast of the WEEE Directive, it would appear that policy makers still consider 
WEEE a burden, that actors in the reported system are avoiding their responsibilities to save 
money; hence the increased collection targets for member states and manufacturers. By 
exploring the alternative routes by which WEEE flows at end-of-life, reviewing the current 
market based approach to reporting, the thesis documents the industries that exploit the e- 
waste resource and their role in the above sustainability impacts (chapters 2 and 3 with 
analysis and comment in chapter 4).
Figure 3 below positions the research in relation to Figure 2, augmented to include B2B 
WEEE flows. The B2C research [Figure 3, Research Theme (RT) 1] examines the makeup of 
waste arising and compares it with the market, exploring where there are discrepancies. The 
B2B research [RT2] covers two stages of the unreported collection network. Firstly, it
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examines end user disposal habits. Secondly, it engages with collectors to explore the 
channels by which WEEE flows downstream and the parties in a position to influence its fate. 
With the knowledge gained in RTs 1 and 2, RT3 discusses how best to intervene in the 
system for reporting, identifying knowledge requirements for implementation. Finally, RT4 
discusses the role of the manufacturer in the current and possible future WEEE collection and 
treatment systems.
Some areas on the map [Figure 3, a] are not covered by the research, including: How much 
WEEE is actually generated (what is the system input); [b] how much Non-PRO collected 
WEEE enters the formal treatment network; [c] how much (and which) WEEE leaves the 
formal network before treatment; [d] how much (and which) WEEE leaves the formal network 
during/after treatment; [e] how much WEEE is exported, how much is reused locally or ends 
up in landfill. These limitations are considered in chapter 4.
RT 3
(G eneral)
W E E E  Reporting 
(Volume Only)
No Reporting
CED
Research
Missing
(S e e  Notes)
Recycling/
Reuse/Treatment
Non-PRO 
Controlled Collection
PRO, Controlled 
Collection
Pre-Processing
(Segregation/Transport/Appraisal)
Landfill/Incineration
Export for Reuse/ 
Recycling
Informal local 
Reuse
Household WEEE Business WEEE
Figure 3. Map of the research themes and WEEE arising
5.1 Content of the thesis
The execution of the research themes is documented in the following chapters. Detailed 
comment and linkages to the existing literature, further to those included in this chapter, are 
included with the documentation of each research theme. Common findings and a wider 
discussion of their implications are recorded in the final chapter of the thesis, along with 
recommendations for manufacturers and policy makers. The structure of the thesis is 
described by Figure 4, a logic diagram which contains the research themes and maps out the 
content described above.
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Chapter 1
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Research Themes
 1--------------------------
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Figure 4. Logic diagram for the structure of the thesis
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Chapter 2: Business to Consumer WEEE
How does waste arising reflect the market based assumptions of the 
regulations?
7 Introduction
As mentioned in the introductory chapter, the actual collection of WEEE is managed by 
municipalities (Local Authorities in the UK) and independent (privately owned) recyclers 
handle treatment. The WEEE enters these systems through Designated Collection Facilities 
(DCFs), sites where domestic users voluntarily dispose of their end-of-life units (Dindarian 
and Gibson 2011). The manufacturers fulfil their responsibility by financing the system, often 
through ‘Producer Compliance Schemes’, and are charged based on the total volume of 
WEEE collected divided by their market share in the previous two years (Turner and 
Callaghan 2007).
The current incarnation of the WEEE Directive indicates that there are 10 categories of WEEE 
product types (Large Domestic Appliances; Small Household Appliances; IT and 
Communications Equipment; Consumer Equipment; Lighting Equipment; Electrical and 
Electronic Tools; Toys, Leisure and Sports Equipment; Medical Devices; Monitoring and 
Control Instruments; Automatic Dispensers) (European Parliamentary Council 2003). The 27 
EU member states implement their own interpretation of the regulations, the rationale being 
that this reflects their specific circumstances. In many states, the 10 categories are 
aggregated, or split as is often the case for refrigerated appliances, into streams for collection 
and treatment (van Rossem 2008). Focussing on the United Kingdom (UK), manufacturers 
are charged for the collection of five broad ‘streams’ of WEEE; Display, Cooling, Small Mixed, 
Large Domestic Appliances and Gas Discharge Lamps (Ongondo et al. 2011). These 
collection streams contain a number of product types, from a number of different WEEE 
Directive categories, and WEEE that was put on the market both pre and post the introduction 
of the Directive, so called ‘historic’ and ‘future’ WEEE (Magalini and Huisman 2007). The 
overarching WEEE product categories look likely to be revised in a proposed update to the 
WEEE Directive (BIS 2011). In the UK, collection streams do not reflect the current 
overarching WEEE Directive categories; whether or not this will change following the revision 
would depend on a member state’s interpretation of the legislation; due 18 months after it 
comes into force.
Within each of the 5 UK categories for collection and treatment, there is a diverse range of 
EEE products (van Rossem 2008, Huisman et al. 2012). Products within each UK collection 
category can be treated in the same way; many have different requirements at end-of-life 
making this practice inadequate for proper management of the waste and extraction of the 
material value (Dalrymple et al. 2007). The opportunity to divert units for reuse, or to exploit 
the materials they contain on an individual product basis, is lost in this aggregation for bulk
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treatment, which is often shredding. It has also been observed that the mixture of brands in 
WEEE returns might not reflect the units which are sold and current, market based, approach, 
to apportioning responsibility might well not reflect actual returns (Rotter et al. 2011). One of 
the stated aims of the original WEEE Directive was to provide manufacturers with incentives 
to design for recycling through differentiated charges for collection and treatment (European 
Parliamentary Council 2003). It was argued that if a unit cost less to recycle and that if this 
saving could be passed back to the manufacturer, they would be incentivised to design for 
end-of-life (Lindhqvist and Lifset 2003). Costs are not differentiated by ease of treatment in 
the current system of collective responsibility, as the costs are apportioned by market share 
only, and thus there are no design incentives.
This chapter describes the approach and presents the results from a study, preceded by a 
pilot, on household WEEE (B2C) in the waste stream. This research was carried out to 
highlight differences between the composition of types of product collected as waste and that 
sold
8 Pilot study of Category 3 B2C WEEE in the waste stream
8.1 Introduction and approach
A pilot study was carried out to better understand the challenges of collecting data on WEEE 
and the kind of information that would be available through sampling. A single category was 
chosen, IT equipment, from the UK Small mixed WEEE collection stream to collect empirical 
data from Approved Authorised Treatment Facilities (AATF2). IT equipment was chosen as an 
indicator product group. This was to keep the limited pilot study within a manageable scope. 
Should findings have indicated that the methodology was inappropriate to meet the goals then 
the data could have been unusable, this would have been a waste of resources. AATFs were 
chosen as the point of intervention for sampling in the collection and treatment process, as 
WEEE collection figures reported to the EU are gathered here, by mass, for recycling 
statistics.
Access to the AATFs was granted through Hewlett Packard’s (HP) membership of the 
European Recycling Platform (ERP). ERP was the first pan European WEEE producer 
compliance scheme founded by HP, Braun, Electrolux and Sony. At the country level, ERP 
subcontracts to independent recyclers, AATFs, where sampling was conducted for this 
project. In the UK, ERP subcontractors provide WEEE collection to local authorities covering 
20% of the UK population.
The primary objective of the study was to record the mix of brands and products arising at 
AATFs and to record the ages of these products. A secondary objective was to see if any 
business IT was present to inform the B2B research theme.
2 See terms
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8.2 Methodology
At the time of the study, there were few (if any) published methodologies for WEEE sampling 
in any detail and so the expected yield was unknown. Rotter et al. (2011) published a 
methodology in 2011, which was used to inform the full sampling described later. The 
minimum required sample size was to be reviewed after three initial surveys, when more 
information was available. Initially, three sampling days were chosen as three sites were 
willing to provide immediate access to WEEE. The subcontractor on the sampling day 
provided one small container containing between 1.5 and 2.5 tonnes of WEEE to process, 
these were the individual sample populations. As demonstrated in Figure 5, data was 
required for WEEE in UK Recycling Networks and this flows through several recyclers where 
samples were taken. From here the WEEE is split again into containers from a single 
municipal collection point. A series of these individual sample populations from across the 
recycling network can be used to represent the super-population as they are a fraction of a 
portion of the larger entity.
W EEE in UK Recycling 
Networks
R3 R4
SIS2 S3 8 2 S3 S2 S3SI 5 2 S3
R3
Small container of 
W EEE
Figure 5. Sample populations as a fraction of the superpopulation
Each container was held back from the processing line at random by the recycler in advance 
of each site visit. At this point the origin of the container, i.e. the municipal collection point, 
and the overall mass of the WEEE to be sampled was recorded. The WEEE was sorted and 
the IT units were separated. For each item in this category the brand, product type, model 
and serial number (HP only) was recorded. Age data were recorded based on the serial 
number or labelling. The total mass of the IT equipment was recorded and deduced from the 
initial total WEEE mass to determine its proportion (Figure 6).
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Additional secondary observations like the presence of asset tags, which indicate business 
use, and anecdotal evidence of leakage, waste separation and general onsite practice were 
also gathered.
Figure 6. Field sampling
8.3 Results
291 units were sampled at the 3 sites; SWEEEP in Kent, Overton Recycling in Dudley and 
Viridor in Perth. Sample populations came from 4 local authorities. The product type shares of 
these samples are shown in Table 1.
Table 1. Product type share of units sampled
Ink
Printer
Laser
Printer
Multifunction
Printer PC Keyboard Notebook Network
Count 95 8 24 47 49 1 3
% 32.5 2.7 8.2 16.1 16.8 0.3 1.0
The brand share of these samples is shown in Table 2. Those brands occurring once have 
been consolidated, 33 were encountered in total. Where no discernible brand was available, 
units were recorded as n/a.
Table 2. Brands share of units sampled
Brand Count %
HP 63 22
Epson 32 11
Lexmark 18 6
Cannon 15 5
Dell 14 5
Compaq 9 3
Tiny 9 3
Packard Bell 8 3
Mustek 7 2
Brother 3 1
IBM 3 1
Logitech 3 1
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Microsoft 3 1
Sony 3 1
Toshiba 3 1
T rust 3 1
Agfa 2 1
Amstrad 2 1
Emachine 2 1
Gateway 2 1
Keytronic 2 1
Mitsumi 2 1
Panasonic 2 1
Pickbridge 2 1
Fujitsu Siemens 2 1
Single Unit 33 11
SubTotal 247 85
n/a 45 15
Total 292 100
22% of units were HP products. For 31% of these, there was no discernible means to report 
the age. Ages for the remaining 69% were derived from the date of manufacture either 
directly noted on the labelling e.g. Jan 01 or from the HP serial number. These have been 
plotted in Figure 7.
The Age Range of HP WEEE Sampled
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Figure 7. Distribution of the ages of HP products sampled
The proportion of IT in the sample of mixed WEEE at each site is shown in Table 3. The 
manner in which the mixed WEEE was presented in Perth was not conducive to collecting this 
data. In Perth a single origin container study was not possible, consequently a sample was 
taken from the general stock. The physical footprint of the stock was plotted and sectioned 
into a 10m2 grid, one of these areas was selected at random to determine the sample 
boundary. Within this square, 30 units were removed at random, the stock was then 
mechanically turned over to limit the surface effect and another 30 units were taken; this was
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repeated and 40 more were taken to make 100 overall. Data was then collected from these 
units in the same manner as for other sites.
Table 3. IT as a proportion of overall WEEE at each location
Local Authority % Category 3
Dartford 13
Oodley 16
Wolverhampton 12
n/a (Perth) n/a
8.4 Discussion
8.4.1 Findings
The study was too narrow in scope to comment on the wider UK WEEE system. Advanced 
data analysis would not have been appropriate given the scope and quality of data, however 
the experience of executing such a study is noteworthy and informed the full study.
The most abundant of the IT waste product groups were printing and imaging hardware. Ink, 
laser and multifunction printers made up 43.4% of the units sampled; the most common 
products were smaller Ink printers. Desktop computers accounted for 16.1% of samples and 
only one notebook was found. Product type was the easiest data set to collect and the most 
complete: no matter how damaged a unit was it was possible to tell to which type it belonged 
to. HP and Epson products were most common having a share of 22% and 11% respectively. 
33 smaller manufacturers had only 1 product appear in the samples accounting for 11% of all 
units. Units where no brand could be deduced made up 15% of the samples, unbranded 
products were the second largest category. These unbranded products either had no 
discernible markings, were damaged beyond recognition or had key areas of labelling 
missing/removed.
Age data were available for 69% of HP products (Figure 7). Date of manufacture was 
recorded either through direct labelling present on some of the units or through serial 
numbers. Serial number structure varied slightly over the product groups and sometimes date 
of manufacture was not included at all. Asset or electrical testing tags, common on B2B 
products, were present on 3% of units sampled. In Perth, two flat screen monitors of the same 
brand, and model bearing tags from the same hospital, were found in the sample suggesting 
they entered the waste stream at the same time. CRTs were separated from the mixed WEEE 
after they arrived on site and their mass and details of where the units had been collected 
from was recorded at all 3 locations. In Dudley, a sample was taken in one of the separated 
CRT containers, 78% of these were televisions and 22% computer monitors. Flat screen
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televisions and computer monitors were not separated from the main waste stream as with 
CRTs so were processed with the mixed WEEE (Figure 8).
Figure 8. LCD Television and Computer Monitors in the mixed WEEE waste stream
There was anecdotal evidence of units or components leaking out of the waste stream at the 
site level prior to processing. Three types of leakage were recorded, illustrated by the 
following examples. The first example involved components being removed from computers 
for personal use by the waste site operatives to upgrade home systems. There is a level of 
deconstruction involved and valuable components can be removed from non-functioning 
units. The second example was of functioning televisions being removed shortly after arrival, 
again for personal use by the operatives, with an informal financial transaction being involved. 
The third type observed was of a ‘scrap yard’ arrangement where a member of the public 
came looking for components; these were duly retrieved from the stock of WEEE and sold.
Key findings were that (i) the equipment sampled was dominated by low cost printing 
equipment; (ii) there was leakage onsite; (iii) there was little B2B WEEE in the B2C stream; (iv 
a large number of units were ‘orphan WEEE’ and (v) determining product age, even with 
access to company databases, is difficult.
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Figure 9. General stock of mixed WEEE to be treated at Overton recycling in Dudley
8.4.2 Implications of the study for sampling of the waste stream
One of the constraints of sampling at the independent AATFs was that WEEE deliveries are 
not scheduled i.e. it cannot always be guaranteed that containers will be available. When 
containers do arrive, there is a short window of opportunity to sample in the processing chain 
on site. Within minutes of arrival, mixed WEEE is weighed then added to a homogeneous 
stock which, in Dudley, was estimated to be over 100 tonnes by the site and weighbridge 
manager. The WEEE processing plant in Dudley had only recently been commissioned so the 
stock had been accumulating for 6 months. Interestingly, there were similarly large stocks in 
the more established Perth and Kent plants. The processing plant in Kent had shifts running 
day and night on a fairly continuous basis indicating a large input of WEEE. On questioning, 
the plant manager suggested that the plants needed to be run at their optimal processing 
capacity to be commercially viable and the stock of units allowed for this to be protected.
Units with no discernible brand make up a significant portion of WEEE and inconsistent 
details on labelling, even between units from the same company, make age sampling a 
challenge. The technical feasibility of determining key details about WEEE units in the waste 
stream, such as product manufacturer, is a critical consideration if an effective and 
comprehensive system of financing and management is to be developed based on actual 
waste arising, rather than market shares as is currently the case. Effective age and brand 
sampling in concert with a thorough discussion of the realities of the fate of WEEE in the 
waste stream would be an invaluable resource for tackling e-waste policy and regulation and 
this is discussed further in chapter 4 (section 17).
8.4.3 Implications of the study for the thesis
The most pertinent finding from the first three days was that the study would have to be 
considerably larger to comment on wider UK WEEE networks, and to comment at the local 
level would need feedstock from more traceable origins as demographics could influence the 
composition. It might be more appropriate to focus on a single local authority, with repeat 
sampling, as a case study, as the WEEE would be traceable and available resources for
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sampling could be concentrated. If demographics do affect composition of waste arising, then 
a study concentrated in a single local authority would be limited and be less representative of 
the UK than one covering more; as mitigation for this an Authority that includes a wide range 
should be selected. Producer responsibility based on the market does not vary by region in 
the regulations, so focusing on one would not affect the project goals. The AATFs were 
possibly not the most appropriate stage to sample given the variability of units coming in and 
the treatment process. AATF sampling gave low sample sizes and there is apparent leakage 
onsite which could distort findings. This was taken into account as the next stage of the study 
was designed.
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9 Comparison of B2C WEEE arising with market based assumptions
Research at AATFs highlighted the problems of leakage and the discontinuity between the 
waste stream and the EEE market. For the full study, sampling was carried out at Designated 
Collection Facilities (DCFs) as the input to the system. Access to sites and funding for the 
research was provided through the producer compliance scheme ERR. The field work was 
carried out by the independent agency Quality Fieldwork to a fixed sampling specification, 
delivering the raw data at the end of the study. This section contains some content which was 
developed in association with Dr Kieren Mayers (Executive in residence INSEAD) and Scott 
Butler (Managing Director ERR).
9.1 Goals3
This research explored the mix of products arising in a municipally controlled collection 
network, regulated to comply with the WEEE Directive in the UK. This was through a waste 
composition survey, at the point of disposal, at the interface between the use phase and 
collection and treatment. Discussion is focused on whether manufacturers could be better 
‘linked’ to the actual units arising as waste. Conclusions are drawn on the dynamics in waste 
composition, to determine whether the protocols for allocating financial responsibilities in the 
regulations accurately reflect waste arising. These findings are then used to reflect on the 
effectiveness of the sales-based allocation of producer responsibility currently in place.
To explore the mix of products, the unit types and brands arising were captured along with an 
indication of unit ages. The dynamics in waste composition could be affected by many factors, 
the author elected to explore geography, seasonality and socioeconomic factors. To reflect on 
the sales based approach to apportioning responsibility, the composition of units within the 
UK collection categories was highlighted as was the mix of unit brands.
The following null hypotheses were tested. Seasonality, geography and socioeconomic 
factors do not affect the product mix arising in networks regulated to comply with the WEEE 
Directive [1]; five years on from the introduction of the WEEE Directive, the majority of waste 
arising is ‘future WEEE’ (a legislative term pertaining to EEE sold after the introduction of the 
WEEE Directive at the EU level, 2003) [2]; products within the current collection categories 
have different treatment requirements, so are insufficiently defined to reflect product mix and 
for effective waste management [3]; WEEE brands arising at DCFs predominantly reflects 
current market share [4],
3 The goals and methodology for this study were developed in conjunction with Dr Kieren Mayers and Scott Butler, 
who carried out a supervisory role as the goals, objectives and approach were developed by the author. ERR also 
provided funding for the research and access to the sites.
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9.2 Methodology
9.2.1 Scope and strategy
The UK system for collection and treatment was chosen for the investigation, this was based 
on the networks available to the researchers. Sampling was conducted at Household Waste 
Recycling Centres (HWRCs) which are the DCFs under the UK interpretation of the WEEE 
regulations and thus, from the pilot study findings, an appropriate intervention point to capture 
data on waste arising. Research was limited to specific sites and dates to investigate 
geographic and seasonal variability; the location of repeat samples was consistent. There 
were 15 sampling days at urban (Basingstoke), suburban (Segensworth) and rural (Gordon) 
based HWRCs in Hampshire in the UK taken during one year. By taking this number of 
samples, the study included the effects of seasonality on disposal and collection habits.
9.2.2 Sampling details
The composition survey methodology was based on previous studies of household waste at 
HWRCs, units were categorised (unit type) and then characterised for a limited selection of 
product types (e.g. brand), the rationale for doing so is below informed by Woodard et al. 
2004). On each sampling day, every WEEE item brought to the HWRC was recorded. To 
capture authentic data from waste arising, it was necessary to intervene in the operations of 
the HWRCs for sampling; this is challenging as they are often busy environments. To gather 
detailed data from each waste item would have caused unacceptable interference in site 
operations and as such, there were two tiers of sampling (simple data were collected from all 
units (tier 1), with certain product types nominated for more detailed appraisal (tier 2)). The 
product type of every unit arising was recorded in the first tier. By determining the overall mix 
of product types, the diversity of units arising within the collection streams could be 
established. Comparing how these varied by site and season could give insights into the 
dynamics of disposal behaviour.
Indicator products from each of the WEEE categories, liable to be found in a mixed consumer 
stream, were chosen for more detailed data collection in the second sampling tier (whereby 
more detail was collected from qualifying units). Details included a description of the product 
as an identifier; presence or absence of a WEEE Mark to determine the age range of the 
product4; brand to address hypothesis [4]5; The type of cooling gas used (cooling appliances 
only) and battery (presence/absence; type) details to highlight some of the different treatment 
requirements. The indicator products were chosen following a consultation with industry 
stakeholders (representatives from manufacturers, recyclers and a compliance scheme
4 WEEE Mark: ‘Wheeled Bin' logo that is placed on units by manufacturers following the introduction of the WEEE  
Directive. All units which bear the mark were put on the market after 2005 and all those without before. This is the 
only way to reliably assess the age range of a WEEE unit.
5 WEEE arising at DCFs predominantly reflects current market share [4],
Richard Peagam 41
Chapter 2: Business to consumer WEEE
accessed via an industry working group) and included; desktop PCs, laptop PCs, mobile 
phones, games consoles, video/DVD players, HiFi/audio equipment, lawnmowers, 
microwaves, kettles, fridges and freezers, televisions and monitors, dishwashers, hobs, ovens 
and slot ins, washers and dryers.
The sampling teams recorded each tier of data on pre-prepared forms to facilitate the process 
and to improve accuracy. Instruction sheets on identifying specific data points, such as WEEE 
marks and fridge gas types, were provided; as were identification sheets for each of the 
WEEE product types.
9.2.3 Sample size
The goals of the study included examining variations in attributes such as product type and 
age for units arising by location and by season to inform management strategies. To test the 
associated hypotheses, appropriately representative samples needed to be collected to 
ensure that conclusions were valid and to avoid Type I and Type II statistical errors (falsely 
inferring or falsely rejecting a statistical relationship through improper application of the 
analysis) (Schlesselman 1974).
Determining representativeness relies on prior knowledge of key parameters of the population 
to be sampled, such as overall population size and skew of the data. There were two barriers 
to applying this approach in the case of the study. Firstly, all of the data collected was ordinal 
(i.e. categorical; brand, presence or absence of a specific attribute) so sample means could 
not be determined to be compared to the population. Secondly, the population was unknown, 
as it was being created as the samples were being taken. This study was an investigation of 
the actual waste arising, not the potential waste. The samples were being taken as the waste 
arose, so the population was still undefined.
Rotter et al. carried out a research exercise in 2011 to explore the practical implementation of 
an IPR system for WEEE in Germany. As part of this research, they examined the sample 
sizes that would be required to obtain a representative sample of waste arising to determine 
EEE manufacturers’ share of WEEE. These findings are highly relevant to this research as 
they discuss the sampling protocols and statistics required for exploring varying attributes of 
WEEE arising. They contrasted two approaches to determining sample sizes; the first being a 
statistical method similar to that discussed above and the second was the non-statistical use 
of a flat rate of 1% of the population, recommended for waste-sorting analysis. Again, the 
problem of sampling an evolving population presented itself; to determine a flat rate of 1% of 
the WEEE would require knowledge of the population size. Data on WEEE arising was 
required for each calendar season, assuming 3 months per season then WEEE would be 
arising on around 90 days in each. As such it was decided that 1 full day of sampling, 
representing 1.11% of days and as a proxy WEEE arising, would be carried out for each 
season. The Bank Holiday sample was also taken in one of the seasons. While the WEEE 
arising would vary, this approach was considered the most appropriate in the circumstances.
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The population data were available for comparison in retrospect, in the form of WEEE 
Directive reporting; this being the quarterly total volume of units for each WEEE Directive 
collection category at each site.
Table 4 shows the sample proportions based on data obtained from the UK Environment 
Agency after the study was completed. The overall mass of WEEE collected at each site in 
each quarter of a year were compared with the mass of units observed on each sample day, 
using multipliers described in section 2.2.2 to convert the count data. The Bank Holiday and 
spring sample days fell into the same quarter, but their representativeness is assessed 
separately as they were independent to each other. All of the samples were above the 1% 
threshold determined by Rotter et al. (Rotter et al. 2011), some were quite large (e.g. 9.3%) 
considering the expected 1.11% sample mentioned earlier. The samples are uneven, a 
limitation to the study which was unavoidable as the representativeness could only be 
determined in hindsight. The possible reasons for this distribution are discussed in the 
conclusions (section 9.5.1). Despite these limitations, the collection, and subsequent analysis, 
of the data was subject to a high level of procedural scrutiny and the data set is the most 
comprehensive and granular that is currently available, and therefore a good basis for 
comment and discussion.
Table 4. Sample sizes collected during the survey, comparing UK Environment Agency 
(EA) data with mass multipliers
Sample
period Site
Total Tonnes 
(EA data) Sample Kg Sample %
Autumn Basingstoke 77.9 1,329 1.7
Bordon 20.1 1,868 9.3
Segensworth 81.9 852 1.0
Winter Basingstoke 117.6 1,801 1.5
Bordon 24.0 764 3.2
Segensworth 105.9 1,224 1.2
Spring Basingstoke 121.1 2,269 1.9
Bordon 23.8 882 3.7
Segensworth 115.6 2,470 2.1
Summer Basingstoke 135.0 1,285 1.0
Bordon 28.1 1,034 3.7
Segensworth 106.5 1,432 1.3
Bank Holiday Basingstoke 121.1 1,999 1.7
Bordon 23.8 1,336 5.6
Segensworth 115.6 2,863 2.5
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9.2.4 Unit mass sampling
Data were collected on the sample days by unit count; WEEE is reported by mass under the 
regulations. To make relevant comparisons between the study data and the existing system 
required an average mass coefficient for each product type to determine volumes. Using the 
masses of units currently on the market would be inaccurate due to the residence time 
between purchase and end-of-life for EEE equipment, for which variation is a reasonable 
assumption as multiple factors could influence disposal. Weighing the units in the main study 
was not possible due to the sampling limitations discussed earlier. A study to determine the 
average mass for each product category was carried out at an Approved Authorised 
Treatment Facility (AATF)6, where there would be a sufficient stock of WEEE to obtain a 
statistically significant sample of masses. The population was determined to be statistically 
infinite, therefore a minimum of 500 masses was required for a significant sample. Within 
these 500 masses, a quota of 5 units was set for each product type defined in Annex 1 of the 
WEEE Directive. For the product types with significant variation in mass between 5 units the 
quota was increased to 10. These data would be used to develop a statistically valid mass 
conversion factor for each product type to discuss the count based data in terms of volume.
9.3 Results
3,302 units were recorded for the first and 1,327 units were recorded for the second, more 
detailed, tier of sampling. For the first tier of sampling; 1,368 units were taken at the urban 
site [Basingstoke], 836 were taken at the suburban site [Segensworth] and 1,098 were taken 
at the rural site [Bordon]. For the second tier of sampling; 517 units were taken at the urban 
site, 550 were taken at the suburban site and 260 were taken at the rural site.
The study uses a confidence level of 95% for the statistical analyses of the WEEE arising. 
The study refers to a large population of WEEE units (i.e. more than 30,000 units) from which 
the sample was taken with a less than 5% confidence interval.
9.3.1 Mass data conversion factors
The samples for the unit mass data were taken independently from the main study, as 
described in section 9.2.2, to develop statistically valid conversion factors for the count based 
data. Shapiro-Wilk tests were used to indicate the normality of the distribution of the masses 
for each product type; this was to indicate that sufficient data were taken to use the masses 
as representative conversion factors (Table 5). The mass conversion factors are also shown 
in Table 5 and the non-normally distributed product types are marked in italics and with *. A 
limitation is that 8 of the 49 identified product types were not normally distributed and a further 
3 were only weighed once (so not distributed at all, this is because only 1 unit was available 
during sampling), but as 78% of unit types were normally distributed it is reasonable to use
6 AATF: Privately owned recycling facility with a permit from the UK Environment Agency to treat W EEE under the 
WEEE Directive. AATFs provide the mass data for compliance with the W EEE directive.
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the masses as conversion factors. Unfortunately, no Large Domestic items were available for 
mass sampling. Within this limitation, Large Domestic items were analysed by count and 
highlighted accordingly. To check the sample representativeness mentioned earlier, standard 
product masses for Large Domestic items were sourced from a WRAP report on the average 
mass of used products (2009). It was elected that these would not be used for further 
analysis, as they were collected separately to this study and would make the findings 
incomparable.
Table 5. Average mass conversion factors for each WEEE product type
Product Type Mass (kg) Shapiro-Wilk Statistic'
Combination Fridge/Freezer 54 0.665
Freezer 41 0.209
Fridge 28 0.542
CRT TV/Monitor 21 0.501
Microwave 11 0.189
Desktop PC 10 0.769
Lawn mower 8 0.667
Flat Screen TV/Monitor 7 0.003*
Vacuum Cleaners 7 0.193
Typewriter 6 0.088
Projector 6 na
Inkjet Printer 5 0.706
HiFi System 5 0.226
Mini Fridge 5 0.006*
DVD/Video Combination 4 0.085
Food Processor 4 0.087
Video Player/Recorder 4 0.256
Speakers 3 0.249
Heaters 3 0.510
DVD Player/recorder 3 0.000*
Laptop 3 0.074
Cassette Player 3 0.012*
Portable CD Player 3 0.033 (W statistic 82%)
Fans 3 0.948
Games Console 2 0.764
Power Tools 2 0.002*
Sky Box (or Equivalent) 2 0.223
Other Garden - Strimmers etc. 2 0.710
Tablet PC (iPad etc.) 2 na
Toaster 2 0.930
Radio 2 0.150
Car Stereo 1 0.045 (W statistic 82%)
Answering Machine 1 0.779
Toys 1 0.839
Iron 1 0.673
Kettle 1 0.839
7 If this statistic is <0.05 then the population is not normally distributed, unless W  statistic is <80% (as indicated). Unit 
types marked na were weighed once.
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Product Type Mass (kg) Shapiro-Wilk Statistic'
Keyboard 1 0.278
Razors/Curling irons etc. 1 0.003*
External Hard Drive 1 na
House Phone 1 0.843
Free view Box 0.5 0.111
Aria I 0.5 0.299
Charger (Phone/Battery etc.) 0.5 0.011*
Wireless Router 0.5 0.656
Personal CD player 0.5 0.033 (W statistic 82%)
Mouse 0.1 0.011*
Calculator 0.1 0.551
Mobile Phone 0.1 0.711
MP3 Player 0.1 0.14
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9.3.2 Variations in the WEEE collected by season and site
Non-parametric tests are used to compare categorical variables (e.g. season and sample site) 
and the Kruskal-Wallis test assesses the behaviour of a specific variable over multiple 
categories, making it highly suitable for comparing the variations in WEEE arising across 
seasons and locations. Scalar variables were used to indicate the mix of products in, and the 
total volume of, the WEEE arising8.
Different product types have a different average mass; as the product mix changes, so does 
the distribution of these masses. As such, the distribution of median product category masses 
was used to measure changes in the mix. The median of the total mass collected rises and 
falls in line with the overall volume collected, by comparing this variable with the categorical 
site and season variables; statistically significant changes can be identified.
These statistical tests can only confirm the presence or absence of statistically significant 
relationships. The results of the significant Kruskal-Wallis tests were supplemented with 
Fisher’s LSD test, which tests the variable between the categories pairwise; i.e. spring is 
significantly different to summer, autumn, winter and bank holiday, so the specific drivers of 
significant differences can be identified.
9.3.2. a Variations by seasons
The distributions of the average masses were significantly different between each season 
(spring and Bank Holiday different when tested pairwise) [pO.003]. This shows that the 
product mix was significantly different between seasons. The spread of averages can be 
observed for each site in Figure 10, these varied differently for each season at each site.
The medians of the average masses were significantly different between each season (spring 
and Bank Holiday different when tested pairwise) [p0.004]. This shows that the quantities 
disposed of were significantly different between seasons. The spread of total masses can be 
observed for each site in Figure 11 there was variation in values disposed of in each season 
which differed greatly by site (discussed in the following section).
9.3.2.b Variations by sample site
The distributions of the average masses were significantly different between each site 
(Bordon different to Basingstoke and Segensworth when tested pairwise) [pO.003] so this 
shows that the product mix was significantly different. The spread of averages can be 
observed for each site in Figure 10, these varied differently for each site at each season.
The medians of the average masses were significantly different between each site (Bordon 
different to Basingstoke and Segensworth when tested pairwise) [p0.004] so this shows that 
the quantities disposed of were significantly different. The spread of total masses can be
8 count data transformed using the average mass conversion factors as described in section 9.2.2
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observed for each site in Figure 11, masses disposed of at the urban location were more 
consistent than at the suburban and rural sites.
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Figure 10. Mean mass of Tier 2 units arising at each site on each sampling day
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Figure 11. Total mass of Tier 2 units arising at each site on each sampling day
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The overall variations in masses and product composition did not show consistent trends. It is 
argued that comparisons at this aggregated level oversimplify the data; when the variations 
by sample site and season are examined at the product type level there are clearer trends 
accounting for the significant variation described earlier. A greater mass of lawnmowers was 
disposed of in spring and the spring bank holiday compared with autumn and winter and more 
TVs and monitors were disposed of at the urban site than the suburban and rural sites. 
Disposal of cooling equipment was more consistent, as with kettles (Figure 12).
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Figure 12. Mass disposed of specific product types
9.3.3 Age of WEEE collected ('historic 'and 'future' waste)
The presence or absence of a ‘WEEE Mark’ was recorded in the second, more detailed, tier 
of sampling. Table 6 shows the percentage of units with a WEEE mark for each product type. 
For 32 units, it was decided that the presence or absence of a WEEE mark was 
indeterminable and so these were left out of the table. Kettles and microwaves were the 
product categories with the most “new WEEE”.
Mobile phones and laptop PCs were the next largest, although there were comparatively 
small numbers of units observed in these categories. Of the 89 Desktop PCs observed in the 
study, only 6.3% were new WEEE.
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Table 6. Percentage of units with a WEEE mark in each product type by count
Product Type Total observed % with a WEEE mark
Kettle 100 53
Microwave 99 40
Laptop PC 22 36
Mobile phone 15 33
Washing machine 57 32
DVD/video/Sky box 194 27
Lawnmower 92 25
Hob 6 17
Games console 25 16
TV 261 12
HiFi/Audio 249 10
Fridge/freezer/combi 61 10
Oven 11 9
Dishwasher 14 7
Desktop PC 89 7
Figure 13 shows the spread of these ages across the three study locations, aggregated 
across the sample days. It is permissible to aggregate these data as the sample days were 
repeat samples at the same location. The results were very similar across all three sites, 
ranging from 20.81 - 21.54% with a WEEE mark (so were 5-69 years old or less). These 
results are based on unit counts rather than masses, so do not reflect volume.
9 Sampling was carried out during 2010 and 2011, see section 9.2.2 for details 
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Figure 13. Presence of a WEEE mark on WEEE arising at the study locations
9.3.4 Treatment requirements within the collection categories of WEEE arising at the 
sample sites
9.3.4. a Composition of the five UK collection categories by count and mass
Table 7 shows the total count and the total mass of the units arising from each of the UK 
WEEE collection categories during the study. It is permissible to aggregate these data across 
the sample days as they were repeat samples at the same location. This was the less 
detailed tier of sampling, where all WEEE arising was recorded (refer to section 9.3.1 for 
details of why the Large Domestic category is reported differently). Across all sites, the small 
mixed WEEE fraction was the largest. This difference is greater by unit count than by mass as 
small units weigh less than large ones. Cooling is the smallest category by count and by 
mass, albeit by a lesser magnitude in the latter measure.
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Table 7. The total count and mass of the products arising within each of the UK WEEE 
Collection categories during the study
Basingstoke
Category Count Mass (kg) Proportion (count)
Small Mixed 1,219 4,046 90
Display 90 1,746 7
Large Domestic 27 na 2
Cooling 16 599 1
Borden
Category Count Mass (Kg) Proportion (count)
Small Mixed 725 2,435 88
Display 56 1,072 7
Large Domestic 25 na 3
Cooling 19 721 2
Segensworth
Category Count Mass (Kg) Proportion (count)
Small Mixed 943 3,399 86
Display 93 1,836 9
Large Domestic 34 na 3
Cooling 29 1,063 3
Table 8 shows the mix of products, in total, of the UK collection categories by mass based on 
the conversion factors in section 9.3.2. As noted earlier, Large Domestic WEEE items were 
unavailable for mass sampling so total count data are reported; these are marked with italics. 
Those marked with a + symbol are aggregated categories which include a number of similar 
product types. The product types within these aggregates were included in the mass 
sampling. As such, the mean of the individual product type masses was used for the 
aggregate categories. There were 13 products in the ‘Entertainment’ category; including HiFi 
equipment, DVD players, Free view boxes and personal stereos. There were 9 products in the 
‘Other IT  category; including mice, keyboards and wireless routers. There were 5 products in 
the ‘Other Kitchen’ category, including toasters and food processors (a full list is included in 
the appendix. The ‘lamps’ product category (marked with an *) was not included in the mass 
sampling due to a lack of available units, the mean of the other Small Mixed WEEE items was 
used to convert the count into mass (the assumption being that units classified as Small 
Mixed WEEE under the UK interpretation of the WEEE Directive would have a similar 
average mass). Those categories with fewer than 20 units, individually, were also not 
available during the mass study due to their comparative rarity. These 14 product categories 
were aggregated and the total Small Mixed WEEE mean was used to report the mass, as with 
the lamps category.
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Table 8. The mix of the products arising within each of the UK WEEE collection 
categories during the study by mass
Unit mass (kg) Basingstoke Bordon Segensworth Total
Cooling (kg)
Fridge 28 220 275 413 908
Combination 54 216 324 324 864
Freezer 41 163 122 326 612
Display (kg)
TV/Monitor CRT 21 1,692 1,032 1,795 4,519
TV - Flat Screens 7 54 41 41 135
Large Domestic (figures by unit count)
Washer/Dryers na 24 12 20 56
Oven/Slot Ins na 2 3 10 15
Dishwashers na 1 8 3 1
Hobs na 0 2 1 3
Small Mixed (kg)
Vacuum Cleaners 7 765 281 477 1,524
Entertainment + 3 564 230 521 1,315
Microwaves 11 389 252 481 1,121
Desktop PCs 10 343 323 294 960
Other Kitchen + 3 328 238 311 877
Printers 5 304 215 336 855
Lawnmowers 8 396 143 238 776
Lamps* 3 100 224 144 468
Other IT + 1 184 124 77 386
DIY Tools 2 156 81 94 331
Less than 0.5%* 3 77 94 87 257
Heaters 3 70 73 79 221
Other Gardening 2 87 26 75 188
Personal Care 1 70 46 47 163
Kettles 1 38 19 44 102
Fans 3 34 31 26 91
Telephone
House
1 35 20 14 69
Games Consoles 2 48 - 16 64
Laptops 3 24 6 29 59
Toys 1 22 6 9 37
Battery/Phone
Charger
1 12 3 1 16
Telephone
Mobile
0 1 0 1 2
9.3.4.b Composition of the five UK collection categories by volume
As Table 8 demonstrates, there was little difference in the product categories across the 
sample locations. It seemed reasonable therefore to aggregate data across sites to 
demonstrate the split of products within each category (listed below), Figure 14 shows the mix 
of products within the UK Cooling WEEE Category in terms of volume. These figures are 
derived from unit count converted to mass, with each product category expressed as a 
proportion of the total arising during the study from all sites and on all sampling days [2,383.5
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kg]. The largest product category was fridges; making up 38% of the total volume, followed by 
combination fridge freezers [36%] then freezers [26%].
The mix of products within the UK Cooling WEEE 
collection category by volume (based on weight 
conversion factors)
Com bination
_______________________________ 36% ___________________________________________________________
Figure 14. The mix of product types within the UK Cooling WEEE collection category 
arising during the study by volume
Figure 15 shows the mix of products within the UK Display WEEE Category in terms of 
volume. These figures are derived from unit count converted to mass, with each product 
category expressed as a proportion of the total arising during the study from all sites and on 
all sampling days [4,654.0 kg]. The largest product category was CRT Televisions and 
Monitors, making up 97% of the total volume. The remaining 3% of the volume was made up 
of Flat Screen Televisions and Monitors
The mix of products within the UK Display WEEE collection 
category by volume (based on weight conversion factors)
Flat Screens 
3%
CRT
97%
Figure 15. The mix of product types within the UK Display WEEE collection category 
arising during the study by volume
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Figure 16 shows the mix of products within the UK Large Household WEEE Category, listed 
by count. Each product category is expressed as a total count of all the Large Domestic units 
arising during the sampling study [86]. The largest product category was Washers/Dryers 
which made up 66% of the total; this was followed by Oven/Slot ins [17%], Dishwashers 
[14%] and Hobs [3%].
The mix of products within the UK Large Household WEEE 
collection category by unit count
Hobs
3%
Dishwashers
14%
O w n/S lo t Ins 
17%
W asher/Dryers
66%
Figure 16. The mix of product types within the UK Large Domestic WEEE collection 
category arising during the study by unit count
Figure 17 shows the mix of products within the UK Small Mixed WEEE Category in terms of 
volume. These figures are derived from unit count converted to mass, with each product 
category expressed as a proportion of the total arising during the study from all sites and on 
all sampling days [9,827.7 kg]. The largest product categories included Vacuum Cleaners 
[15%], Entertainment (note that this is an aggregated category marked with a +) [13%], 
Microwaves [11%] and Desktop PCs [10%]. The smallest sections are pulled out to a 
separate bar for clarity; note that this includes the ‘Less than 20 units’ category with an 
average mass, this is marked with an * (as is the Lamp category for the same reason).
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9.3.4.C The prevalence of units with batteries
The presence or absence of a compartment for batteries was recorded in the second, more 
detailed, sampling tier of the indicator product categories. If a battery was present, the type 
was also recorded. Of the 1,327 units sampled; 1,215 did not have a battery compartment; 59 
had a battery compartment with no battery in; 24 had Nickel Metal Hydride batteries installed; 
22 had Lithium Ion batteries installed. These data were incorrectly recorded for 7 units which 
were discounted. All of the units which either contained batteries, or had a compartment for 
them, were from the UK Small Mixed WEEE collection category. These units make up 3.6% 
of this collection category by count. These samples were so few that they were not 
disaggregated to the site level.
9.3.4.d The gas type used in the units in the UK Cooling WEEE collection category
Within the UK Cooling WEEE collection category there are products which use different 
cooling gases requiring different treatment at end-of-life. Survey teams were given an 
identification guide to determine the gas type used in each unit. Of the 64 UK Cooling WEEE 
collection category units arising during the study; 32 contained mixed pentane/HFC gas; 12 
contained CFC/HCFC; 4 contained CFC; 2 contained Pentane; 13 were unidentifiable.
9.3.5 The predominance of brands arising at the sample sites
9.3.5. a Brand composition of the WEEE sampled
Details of unit branding were collected in the second, more detailed tier, of WEEE products in 
the indicator product categories. 268 individual brands were observed (including no brand) 
within the 1,317 units arising during the study. It should be noted that vacuum cleaners were 
the most prominent individual product category (by mass) in the first, universal, tier of 
sampling and were not included in the second during the design of the survey, which is a 
limitation. It should also be noted that these data are aggregated across sample days and 
sites as it was the intention to observe the abundance of brands. As such, the following data 
are presented as total observed during the study.
Table 9 shows the mix of brands with 10 units or more within all of the indicator products 
arising during the study. These 38 brands account for 67% of all the second tier WEEE 
arising during the study (by count). 150 brands appeared once (56% of all brands), 
accounting for 11.4% of all second tier WEEE arising (by count).
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Table 9. The mix of brands observed during the study within the indicator product 
categories
Brand Number of units Proportion (%)
Sony 95 7.2
Flymo 54 4.1
Philips 54 4.1
Panasonic 40 3.0
Matsui 37 2.8
JVC 35 2.6
Bush 34 2.6
Unbranded 31 2.3
Sanyo 31 2.3
Samsung 30 2.3
Toshiba 27 2.0
Russell Hobbs 26 2.0
Sharp 25 1.9
Hotpoint 25 1.9
Own Brand 24 1.8
Aiwa 23 1.7
Goodmans 22 1.7
Dell 19 1.4
Packard Bell 18 1.4
Zanussi 16 1.2
Ferguson 16 1.2
Alba 16 1.2
Kenwood 15 1.1
Hinari 14 1.1
Hitachi 14 1.1
Amstrad 14 1.1
Morphy Richards 14 1.1
Bosch 12 0.9
Thomson 11 0.8
Breville 11 0.8
Pioneer 11 0.8
LG 11 0.8
Compaq 11 0.8
Daewoo 10 0.8
Black and Decker 10 0.8
Proline 10 0.8
Hewlett Packard 10 0.8
Qualcast 10 0.8
9.3.5.b The composition of brands within each UK WEEE collection category
The number and the distribution of brands were investigated within each of the UK WEEE 
collection categories. A measure of the diversity of brands in each category was required to 
meet the study goals, as well as a ranking by abundance. The number of units sampled for 
each category was different; direct comparisons could not be made between the categories 
based on total number of brands. By dividing the number of units sampled by the number of
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brands found in each category by, a measure can be obtained which is referred to from this 
point forward as the ‘number of units to brand ratio’. The higher this number is; the more 
brands there are in relation to the number of units and therefore the more diverse the 
category. This measure allows comparison between the categories.
Brand data were collected in the second tier of sampling, this was limited in scope to a range 
of indicator products. For some categories, all of their products are within this scope. Where 
some are not, it is mentioned. These data are not scaled using the mass conversion factors, 
to link the brands to individual units, so all the figures are by unit count rather than by volume.
UK Cooling WEEE collection category
30 brands were observed in the cooling category. Note that all 64 cooling units observed were 
included in the second, more detailed, tier of sampling. There were 19 brands with a single 
unit, accounting for 29.7% of the total. Figure 18 details the split in brands; Hotpoint was the 
most common brand followed by Zanussi. The number of units to brand ratio for this category 
was 2.68, making it the least diverse.
Mix of brands within the UK Cooling WEEE Collection
Category
Hotpoint
14%
19 Brands 
with 1 unit 
30%
Zanussi 
9%
Schreiber
3%
Indesit 
3%
Fridigdaire
5% Beko
5% Own Brand Philips 
5% 5%
Fridgemaster 
8%
Electrolux
6%
Figure 18. Brand Mix within the UK Cooling WEEE Collection Category 
UK Display WEEE collection category
78 brands were observed in the display category. Again, note that all 263 units arising were 
included in the second, more detailed, tier of sampling. There were 56 brands with less than 2 
units, with the largest 22 brands (with 3 or more units) accounting for 74.1% of the total. 
Figure 19 details the split in brands; due to the large number of brands, there are two sub 
levels of aggregation in the chart to display the findings clearly. Within the top 74.1%, those
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units between 3 and 7 units are pulled out of the main chart, with the brands within the 
aggregation itemised. The remaining 56 brands (25.9% of the total) are also aggregated but 
not itemised. The number of units to brand ratio for this category was 3.37, making it the more 
diverse than Cooling and Large Domestic but less diverse than small mixed WEEE.
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UK Large Domestic WEEE collection category
26 brands were observed in the Large Domestic WEEE category. Indicator products were 
chosen for the second tier of detailed sampling. The 89 second tier units were from the 
following product categories; dishwashers; hobs, ovens and slot ins; washers and dryers.
There were 12 brands with a single unit, accounting for 13.5% of the total. Figure 20 details 
the split in brands, as with the previous chart there are two layers of aggregation for clarity. 
Those brands with one unit are not itemised. Hotpoint was the most common brand followed 
by Zanussi, as with the cooling category. The number of units to brand ratio for this category 
was 3.48, making it more diverse than cooling but less diverse than display and small mixed.
Mix of brands of the indicator products within the UK 
Large Household WEEE Collection Category
Unbranded 2% 
Tricity Bendix 2% 
Candy 2% 
Aquarius 2% 
Diplomat 2%
10% Hotpoint
18%
Figure 20. Indicator Brand Mix within the UK Large Domestic WEEE Collection 
Category
UK Small Mixed WEEE collection category
206 brands were observed in the Small Mixed WEEE category. Again, indicator products 
were chosen for the second tier of detailed sampling. The 910 sampled units were from the 
following product categories; desktop PCs; laptop PCs; mobile phones; games consoles; 
video/DVD players; HiFi/audio equipment; lawnmowers; microwaves; kettles.
Table 10 shows the largest 27 brands, which had 10 units or more. These brands account for 
13.1% of the total number of brands and 62.3% of the total number of units. There were 126
Creda 
Indesit 6% 
6% 
Hoover
Servis Beko 
4% 3% White Knight 3%
Whirlpool
7%
Crusader 3%
12 Brands 
with 1 unit 
14%
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\\\\\\\\\\\;
Bosch
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brands with a single unit, accounting for 61.2% of the total number of brands and 13.8% of 
the total number of units. The number of units to brand ratio for this category was 4.41, 
making this the most diverse category.
Table 10. Indicator Brand Mix within the UK small mixed WEEE Collection Category
Brand Number of Units Proportion (%)
Sony 75 8.2
Flymo 54 5.9
Philips 36 4.0
Panasonic 27 3.0
JVC 27 3.0
Russell Hobbs 25 2.7
Unbranded 22 2.4
Sanyo 22 2.4
Samsung 22 2.4
Aiwa 22 2.4
Own Brand 21 2.3
Sharp 20 2.2
Matsui 19 2.1
Dell 18 2.0
Bush 15 1.6
Kenwood 15 1.6
Morphy Richards 14 1.5
Toshiba 13 1.4
Goodmans 12 1.3
Packard Bell 12 1.3
Hinari 12 1.3
Amstrad 12 1.3
Breville 11 1.2
Pioneer 11 1.2
Black and Decker 10 1.1
Hewlett Packard 10 1.1
Qualcast 10 1.1
9.4 Analysis
9.4.1 Comparison between the mixes of products and brands observed and expected 
based on the market
To test the 3rd and 4th hypotheses of the study10, the findings were compared with publicly 
available data to establish any differences between the current market and the waste stream. 
Findings are used to critique the current, and make recommendations for future regulation 
and policy in this area in the discussion section.
10 Products within the current collection categories are not homogeneous, with different treatment requirements and 
as such are insufficiently defined to reflect product mix and end-of-life requirements [3]. There is a predominance of 
brands in WEEE arising at DCFs that does not reflect market share [4].
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9.4.1. a Mix of product types observed during the study in comparison with that expected 
based on the market
Data on the mix of EEE products sold in the UK, by mass, was sourced from a producer 
compliance scheme (Environment Agency 2014). The percentage of the total mass of EEE 
put on the market was calculated for each product category. Should the market based 
assumptions of the legislation be correct, i.e. that the EEE market is reflective of WEEE 
arising, then the mix of products observed in a current and robust sample from the waste 
stream, such as the one in this study, should be in similar proportions. For this comparison of 
mass based flows, the same assumptions were used about the product masses for Large 
Domestic Appliances as in section 9.2.4. The comparison for Large Domestic Appliances 
should be considered within this limitation.
Figure 21 shows the percentage of the total EEE put on the market for each WEEE category 
and compares them with the product mix proportions observed during the study. These data 
are by mass, not count, and so are reflective of volume in the waste stream. The volume of 
Large Household Appliances was 52% of that expected should the waste stream reflect the 
market; Small Household Appliances were 240%; IT and Telecoms were 104%; Consumer 
was 648%; Lighting was 62%; Tools were 133%; Toys were 7% (see Figure 21).
Difference in the mass of units from each WEEE 
Directive Category; expected based on the EEE 
market and observed during the study
30 — #
O  CD
C L  Q )
\ °i f
i Expected 
from the 
market
i Observed 
during the 
study
Figure 21. Difference between the units expected based on the EEE market and 
observed during the study in each WEEE category by mass (as a proportion of 
the total put on the market/observed)
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9.4.1.b Mix of brands observed during the study in comparison with that expected based on 
the market
Detailed data on the current market is difficult to source, as this information is commercially 
sensitive. While it can be obtained, it is expensive, e.g. Gartner are a market research 
organisation which publish a high level overview of the Personal Computer market 
(aggregating desktop and laptop computers) free of charge, as a sample of their commercial 
products (Goasduff 2012). As such, the Personal Computers product category was chosen as 
an indicator to illustrate some of the differences between the EEE market and those observed 
in the sample. The Gartner data is by unit count, so the count based data were used from the 
study as well. In line with the analysis of product mix in section 9.3.4; the percentage of the 
total unit count of EEE on the market was calculated for each brand to be compared with 
those from the sample.
Table 11 shows the comparison between the Gartner market figures and the brand mix for 
PCs (aggregated desktop and laptop) observed during the study. Fewer HP products, the 
brand with the largest market share, were observed than expected; more Dell products were 
observed than expected; fewer Apple and Acer products were observed than expected. The 
remaining brands account for 38% of PC units put on the market, but 71% of those observed 
during the study.
Table 11. Difference between the PC and laptop market share of brands in the UK and 
that observed during the study
UK PC and laptop Market Share Final Q 2011 (Gartner)
Brand
000s units on 
the market
% of units on 
the market
% observed 
during study
HP 618 21 8.8
Dell 408 13.8 15
Toshiba 296 10 1.7
Apple 267 9.1 2.3
Acer 230 7.8 0.9
Others 1127 38.3 71.3
htto://www.aartner.com/it/Daae.isD?id=1915815
The data available from Gartner were quite limited, with only the market share of the 5 largest 
brands published. There were a number of brands observed during the study which occurred 
in a greater abundance than the 5 with the largest market share according to Gartner. Table 
12 shows the brand mix of the PCs observed in the study, aggregating the 70% of brands 
with a single unit (the largest ‘brand’). Dell, Packard Bell and unbranded units outnumbered 
HP, the brand with the largest share of the market. Toshiba was the 13th most common brand 
observed, it has the 3rd largest market share. Apple, with the 4th largest market share, was the 
8th most common brand observed.
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Table 12. Mix of brands within the PCs and laptops observed during the study
Brand % of units observed
Dell 15.0
Packard Bell 10.6
Unbranded 10.6
HP 8.8
Compaq 7.1
Tiny 7.1
Advent 2.7
Apple 2.7
Amstrad 1.8
IBM 1.8
IES 1.8
Scott 1.8
Toshiba 1.8
Brands with 1 unit 
(70% of brands) 26.5
9.5 Discussion and recommendations
The goals of this research were to explore the mix of products arising in a municipally 
controlled WEEE system and to see if manufacturers could be better linked to their products. 
There were four hypotheses to test and the implications of the findings for linking 
manufacturers to their products and for the evolving legislation around WEEE are also 
discussed.
9.5.1 Product mix dynamics
Statistical testing revealed significant trends, both by season and location, within the mix of 
products in, and the volumes of, WEEE arising. More, and different, WEEE products were 
disposed of on the sample days in spring and on the bank holiday. This could be linked to 
disposers different activities during these times, such as spring cleaning or holidays from work 
giving them more spare time. As an example, more lawnmowers were disposed of during 
spring than in any other time; cutting of grass is an activity primarily associated with the spring 
and summer, units are often stored during autumn and winter.
Significantly fewer, and different, products were disposed of at the rural site, Gordon, than the 
sub-urban and urban sample sites; Segensworth and Basingstoke. As rural populations are 
less dense than those more urban, the fact that a smaller quantity was disposed of is an 
intuitive finding. The fact that different products were disposed of, also, is more noteworthy. 
This could be consistent with different priorities in the surrounding population, different EEE 
types or be a reflection of the accessibility of the sites. The rural site was more remote than 
the suburban and urban sites and thus a greater investment of time was required on the part 
of the disposer. The consumer could need more of an incentive to make this investment 
which could be linked to the type of product; larger products are more inconvenient to store in 
the home and smaller products are easier to dispose of, incorrectly, through household waste
Richard Peagam 67
Chapter 2: Business to Consumer WEEE
streams. The 5 repeat samples give a highly interrupted overview of the WEEE product mix 
arising at the sites, the data have not been presented in a way in which they could be 
perceived to be continuous as this would be unrepresentative. This is why the results of the 
statistical tests have been presented and the significant trends have been identified, but not 
broken down further to the individual unit type level. A future study which collected data in a 
less interrupted fashion could be implemented, to comment on the changing mix on a unit by 
unit basis.
9.5.2 Nature of the WEEE arising
9.5.2. a Age
The data showed that 78.4% of the WEEE arising in the indicator product categories did not 
have a WEEE mark and as such was placed on the market before the implementation of this 
clause of the WEEE Directive in 2005 (Figure 13). As the sampling was carried out in 2010 
and 2011, these units were put on the market a minimum of 5 years previously. Kettles and 
Microwaves were the product types with the most “new WEEE” [53 and 39.4% respectively]. 
These products are cheaper to buy than many other EEE products, so it is possible that 
consumers perceive these items to be more disposable. Conversely, Desktop PCs was the 
category with the lowest number of “new WEEE” items [6.7%] that are more expensive than 
many other items. These products also store information and can be easily reused, so could 
be perceived as less disposable. There were more laptop PCs [36%] with WEEE marks than 
Desktop PCs [6.7%], which would seem counterintuitive as they have similar functions. This 
could be attributed to the smaller number of laptops PCs observed during the study, skewing 
the sample.
9.5.2.b Types of products observed within the UK collection categories
Within each WEEE collection category there were different numbers of product types 
observed, with two in Display; three in Cooling; four in Large Domestic and 49 in Small Mixed 
WEEE. The individual product mixes are discussed below, as is an assessment of the 
suitability of the collection streams as aggregators for treatment of the units observed during 
the study.
Display
Within the display category the most common product type was CRT televisions/monitors 
[97%], with flat screen televisions/monitors making up the remaining 3% by mass. CRT 
screens are the older, more obsolete technology and were also found to be heavier during the 
mass study (20.3 and 6.8 kg). CRT televisions and monitors require specific treatment at end- 
of-life due in part to their lead content, the rationale behind the separate collection, and as 
they dominate this waste stream this is currently a sensible approach. CRT screens are an 
obsolete technology; it seems likely that their proportion in the waste stream will decrease as 
fewer and fewer are sold (Franke et al. 2006). They were shown to be nearly 14kg heavier
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than flat screens in the mass survey: the historical CRT waste could persist for longer than 
other obsolete products as a volume of the waste stream as their replacements are much 
lighter. As their numbers decrease and flat screen televisions take their place, further 
segregation could be necessary as the two product types have significantly different treatment 
requirements (Franke et al. 2006).
Large Domestic Appliances and Cooling
Washers and driers dominated this collection category, making up two thirds of the volume. 
Other items observed included ovens and dishwashers, these units do not have specific 
treatment requirements and so collecting these units together is a logical approach (DEFRA 
2006). Similarly, the 3 product types observed within the cooling collection category have the 
same (albeit more stringent than Large Domestic Appliances) treatment requirements 
(DEFRA 2006; Roberts 2007). As such, their aggregated collection is logical.
The majority of the cooling devices observed used either Pentane or HCFC refrigerants (or 
combinations). The use of CFCs in cooling devices was outlawed by the Montreal Protocol, 
use of HCFC gases is still permitted, despite their potential for ozone depletion, to allow for a 
gradual switch between the technologies (Bryk 1991). A minority of the units [4] contained 
CFCs (although 13 were unidentifiable), which is intuitive as the Montreal Protocol was 
implemented in 1987 (Bryk 1991). These units are a historical issue and it is likely that their 
proportion of the waste stream will continue to decrease. The sale of fridges with HCFC 
refrigerants is due to be frozen in 2013 under the Montreal Protocol and then phased out from 
2015. Units which used this type of cooling gas were the most common, it seems likely that 
they will increase in number in the waste stream as they are phased out (i.e. discarded in 
greater numbers) and then reduce as they become historical (when fewer are sold). This 
pattern of disposal has been observed in the past for televisions in the UK, when those which 
could only receive an analogue signal were rendered obsolete as the broadcast signal 
became digital (Bryk 1991 ; Ongondo et al. 2011 ).
Small Mixed WEEE
49 product types were observed within the Small Mixed WEEE category. None of these units 
have specific treatment requirements. It is argued that many entertainment products, vacuum 
cleaners, microwaves and lawnmowers (some of the most common product types) are mainly 
comprised of plastic and metal, with a lower proportion of the unit as a circuit board when 
compared with, for example, a laptop PC. As these units are destined for shredding to recover 
the plastics and metals and they have a similar composition (Dimitrakakis et al. 2009), 
aggregating in such a fashion is the most logical approach. This is, however, a barrier to 
reuse or repair; mixing the products in such a fashion is not conducive to the efficient 
diversion and treatment of units to avoid the waste stream. This category does contain 
product types which contain high value materials such as mobile phones and IT products, but 
these items made up a minority of the volume observed in this category (aside from desktop 
PCs) (Dimitrakakis et al. 2009; Zhang and Forssberg 1999).
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It is intuitive that all of the products with a battery compartment were observed in the Small 
Mixed WEEE product stream as no large units are powered by batteries. While the majority 
were observed in this stream, there were still very few; 59 of the 910 Small Mixed WEEE units 
in the second sampling tier.
9.5.3 Potential for value recovery
Analysis showed variation between the proportions of the types of products observed and 
what might be expected based on market data. The volume of Large Domestic Appliance 
category items observed (which includes cooling devices) was 52% of what might be 
expected. The Consumer (which would include display) and the Small Household appliance 
categories were 648% and 240% respectively. IT equipment was 104%, with the majority of 
products in this category either Desktop PCs or printers.
It is argued that retailer take-back for Large Domestic Appliances has become increasingly 
common, based on anecdotal observation (see chapter 4, section 16). The items themselves 
are unwieldy and a consumer could prefer to use this route rather than taking it to a 
household waste site. Also, the presence of these items in a household tends to be 
uninterrupted (items include fridges, cookers, washing machines) so could be exchanged with 
retailers on a like for like basis. Retailers will be obliged to report their collection figures under 
the recast of the WEEE Directive when these are released a study in this area could verify or 
dismiss this notion. These items contain large quantities of metals, both ferrous and non- 
ferrous, so have potential for financial value recovery through metals recycling (DEFRA 
2006). It would appear from this study that they arise at HWRCs in lower quantities than might 
be expected based on the market (i.e. should the composition of unit types arising at HWRCs 
be consistent with that sold, there would be more Large Domestic Appliances).
The current approach to collection seems optimised for extracting the maximum financial 
value from the plastic and metals content of the waste; the bulking of multiple waste types to 
extract common materials. It is, in fact, an approach similar to the way that solid waste from 
households is collected and treated (Perrin and Barton 2001). To comment on whether 
relatively few high value WEEE units, such as laptops and mobile phones, enter the WEEE 
Directive reported waste stream because the treatment does not maximise their potential 
value, or if treatment is focused on lower value items because they are what get disposed of, 
would be speculation. Comment can be made, however, on the systems suitability for its 
purpose. If the purpose of the B2C WEEE collection system is to treat waste as it arises and 
then to reclaim some financial value from bulk, common, materials; the approach is fit. If, 
however, the purpose of the B2C WEEE system is to be a sophisticated process which 
enables product reuse, reclaims trace metals and maximises the resource potential for each 
individual product then it is clearly not. Whether or not the second approach would yield more 
value depends on the WEEE that is collected.
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There could be other routes for end-of-life units that have the potential to be reused, or have a 
comparatively high content of trace metals, in place. Retailers or specialist, pro-active, 
collectors could be intervening to reclaim value already; succeeding where the current system 
fails. If this is true, initiatives to increase the sophistication of the current system, to reclaim 
more value from trace metals or promote reuse of products, could fail through existing 
competition and a lack of suitable units. The majority of WEEE units sampled at DCFs during 
the study were more than 5 years old and considerably more Consumer and Small Household 
electronics were observed than expected (lower value), which supports this possibility.
9.5.4 Linking manufacturers to their products
The sampling showed a large number of brands in the waste stream, particularly among the 
Small Mixed WEEE collection category and there were several with one unit. The proportion 
of units for which the brand could not be identified was much lower than in the AATF pilot 
survey. The AATF sample was much smaller than in this study, but the result was consistent 
at all sites which represented a broader cross section of the UK. This could be attributed to 
the highly mechanical and destructive site practices, discussed earlier, which could obscure 
the brand from field workers. This observation should be considered when strategies are being 
developed to attribute producer responsibility in the future.
268 brands were encountered during the study. The mix of brands observed in the Small 
Mixed WEEE category was the most diverse; this is intuitive as it contained the broadest 
range of product types. Some of these manufacturers would no longer be in business, most 
units were over 5 years old, and some would have a very small market share. To identify all of 
these manufacturers and to calculate their obligation, in an attempt to link producers to their 
waste could be costly, or even impossible. Presumably in an IPR situation, the manufacturers 
would still pay for these administrative costs; an approach such as this could be more 
expensive than a collective one.
9.5.5 Recommendations for the evolving legislation
The market based approach to apportioning responsibility was shown to be unrepresentative 
in the case of personal computers. Analysis showed that the brands with the largest sales in 
2012 were different to the most common arising in the waste stream in this study. It could be 
argued that this situation is equitable. The most successful brands finance the greatest share 
of WEEE collection and treatment, all manufacturers benefit from placing units on the market; 
producer responsibility is a tax proportionate to current sales volumes. This approach is in 
direct contrast to the principles of IPR, where manufacturers are directly responsible for the 
units that they put on the market with an incentive, therefore, to encourage better product 
design. The focus of the discussion on producer responsibility should be on economic, 
environmental and social sustainability. A discussion needs to be taken on how much better 
or worse a link between manufacturers and their products would be for sustainability, when
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compared with the current system, before the debate on feasibility is taken further. This is 
developed further in chapter 4 (section 18).
As WEEE legislation evolves, both in the EU and elsewhere, its purpose and the quality of the 
units it is being applied to should be considered. Strategies for reuse, or to reclaim high value 
materials, should only be applied to waste streams containing units that are of high value or 
have the potential to be reused. Leakage was observed during the pilot study and some 
sample sizes were taken in the full study which were considerably larger than might be 
expected for 1 day in a quarter, 9% in one case. These could be an indication that some units 
leave the official system, while this study is UK based; in a review of the Spanish system for 
WEEE reporting, fraud and leakage were shown to be widespread (ENDS Europe 2011). The 
WEEE which does reach this collection system should be treated securely. If there are 
collectors of WEEE that intervene earlier than municipal disposal to reclaim value, then they 
should be accounted for. This is already beginning to be realised; under the recast of the 
WEEE Directive retailers will be obliged to report what they collect in a similar fashion to 
producers (European Commission 2008c). Collection levels are low and there is a pressing 
need to expand collections so that more electronic waste can be properly treated. These 
alternative routes could be an opportunity to realise greater collections, providing the 
treatment practices are appropriate, rather than a threat to an EU member state meeting its 
collection target.
9.5.6 Hypotheses testing
There were four hypotheses to be tested during this compositional survey. Seasonality, 
geography and socioeconomic factors do not affect the product mix arising in networks 
regulated to comply with the WEEE Directive [1]; excluding “long life products”, five years on 
from the introduction of the WEEE Directive the majority of waste arising is ‘future WEEE’ [2]; 
products within the current collection categories are homogeneous, with different treatment 
needs and as such are insufficiently defined to reflect product mix and end-of-life 
requirements [3]; there is a predominance of brands in WEEE arising at DCFs which reflects 
market share [4].
Seasonality and geography (linked to local demographics) were both shown to affect both the 
quantity and type of units disposed of during the study and as such null hypothesis [1] is 
rejected. The majority of units, ranging from 78 - 79% at each site, were shown to be historic 
WEEE and as such null hypothesis [2] is rejected. For null hypothesis [3], products were 
shown to be diverse in the Small Mixed WEEE categories, however it is argued that the other 
streams are fit for purpose. Regarding the Small Mixed WEEE stream, it is argued that the 
category is fit, providing that the purpose of it is to bulk a mix of products to extract plastics 
and high quantity metals. Should reuse or the extraction of trace metals be its purpose then it 
is not. It was shown that the most common brands observed during the study did not reflect 
current EEE market shares and as such null hypothesis [4] is rejected.
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This chapter examined the make-up of waste arising to compare with current reporting of 
WEEE, exploring where there are discrepancies. The following chapter (3) covers two stages 
of the unreported collection network and both themes are brought together in chapter 4 to 
discuss implications and recommendations for management and for responsibility.
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Chapter 3: Business to Business WEEE
Unregulated networks for collection and treatment 
11 Introduction
This chapter documents and discusses the research activities of the second research theme 
i.e. WEEE streams currently not accounted for through legislation. The goal of the study was 
to investigate a stream of WEEE which is not covered by the current, reported, system of 
collection and treatment and B2B was chosen as a case study.
Some manufacturers already offer free take-back schemes for B2B WEEE, but Allan (2008) 
quoted a commercial manager as stating that ‘“Systems for B2B [business-to-business] 
compliance are also fairly ambiguous, and as such, very little B2B WEEE is being treated to 
the correct standards”. This is consistent with observations from large IT manufacturers and 
WEEE compliance schemes as background for the study reported here. Furthermore, 
Huisman and Magalini (2007) noted that the structure of B2B WEEE collection and treatment 
networks differ significantly from B2C. According to the WEEE Directive, B2B WEEE should 
not flow into the aggregating, municipally controlled, framework of collection points and 
specific treatment facilities for B2C. Consequently B2B collection and treatment networks are 
more complex, fragmented and are governed independently. This has implications for policy 
makers when attempting to increase collection rates, improve treatment, or generally account 
for B2B WEEE. Strategies to achieve these three aims would require the reporting of, and 
some intervention in, the existing system; which could be challenging given the fragmentation 
and independence of these networks.
The study was carried out in two stages. Firstly, IT managers were engaged representing the 
source of B2B WEEE (i.e. the users). Secondly, the collectors of B2B WEEE were studied to 
gain insights across the entire system.
11.1 Motivation for the study
Policy makers can draw on a wealth of literature as they attempt to account for and manage 
more WEEE, both In the EU the aforementioned WEEE recast (and subsequent transposition 
to the country level) and around the world as the extent of legislation for electronic waste 
increases globally. This expansion has been documented by Ongondo et al. (2011), Widmer 
et al. (2005) and Kojima et al. (2009), among others, who have complied summaries of new 
EPR laws for WEEE. Further examples are listed in the following section to illustrate some of 
the key topic areas. Existing take-back schemes for e-waste in the Americas, Asia and 
Europe have been documented and analyzed by researchers; experiences of both success 
and failure in this area have been shared (Atasu et al. 2009; Tanskanen and Butler 2007; He 
et al. 2006). Methods to increase the efficacy of these schemes have been discussed and 
detailed models have been developed as tools to optimise these systems (Toyasaki et al.
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2011; Georgiadis and Besiou 2008). The systems considered, and therefore the 
documentation and analysis, are exclusively for B2C WEEE.
Some researchers have documented existing approaches to reverse logistics, which could be 
used when developing new approaches to WEEE take-back, such as Dekker et al. 2003. 
Furthermore, Savaskan and van Wassenhove (2006) developed a model to examine the 
economic reasons why a manufacturer might choose to either take-back returned products 
directly from the consumer or through a retailer (Savaskan and Wassenhove 2006). They 
concluded that the drivers of profitability for re-use and remanufacturing were different for 
product take back through retailers, rather than directly to the manufacturer, resulting from 
competition between retailers who had different cost efficiencies in their supply chain.
Much of the academic discussion of Extended Producer Responsibility has been focused on 
the EU priority waste streams i.e. electronic waste, batteries, packaging and end-of-life 
vehicles (e.g. Lindqvist 2000; Mayers et al. 2005). Several researchers have commented on 
the best methods to implement the policy principle (key examlpes include Spicer and Johnson 
2004, Dempsey et al. 2007, van Rossem 2008 and Dempsey et al. 2010) and others have 
reviewed the current EPR initiatives that have been implemented, including those by Gottberg 
et al. 2006 and Ogushi and Kandlikar 2007. These papers present a detailed overview of 
these systems, noting that there have been successes (the original EU WEEE Directive and 
the Japanese SHARL system), and it is unarguable that these initiatives have improved and 
increased recycling options for WEEE (see chapter 1, section 4.3.1), and recommending that 
approaches inspired by the existing initiatives be transferred elsewhere.
B2B WEEE has received relatively little academic attention when compared with B2C. The 
original WEEE Directive assumed that the perceived closer relationships between business 
users and manufacturers, e.g. through managed IT services, would make intervention on a 
scale comparable to B2C unnecessary (European Parliamentary Council 2003). As noted in 
chapter 1 (section 4.3.3.b), reported collection rates for B2B WEEE are considerably lower 
than for B2C (both as a volume, which is intuitive as more B2C equipment is sold than B2B, 
but also as a percentage of the total mass of B2B units sold (Environment Agency 2014). This 
is despite the potential to reclaim financial value through reuse and recycling. In a 2012 study 
into WEEE flows in the Netherlands, Huisman et al. (2012) noted that several actors, 
described as “complementary” to the main WEEE system, collected a high proportion of the 
B2B WEEE These actors would not be covered by the current WEEE reporting, so would not 
contribute to published collection levels.
Many of the studies related to WEEE typically focus on either the environmental impacts of 
electronic waste or the strategies to collect and treat it. This one is of the latter kind, and is 
particularly relevant from a policy perspective. Much of the EPR and IPR literature (chapter 1, 
section 4.4) focuses on the potential role of the manufacturer in WEEE take-back at end-of- 
life, to reclaim the material value and to mitigate any sustainability impacts of the waste. Low 
collection rates in producer controlled systems for B2B WEEE make it difficult for policy
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makers to apply the findings and recommendations from these studies, which are primarily 
related to B2C WEEE. Furthermore, the research in this chapter takes a step back from the 
discussion of the appropriate fate for WEEE once collected, to uniquely and explicitly address 
access to it in the first instance. Company practice dictates the channels into which B2B 
WEEE flows following its primary use, so this study engaged these company actors directly.
The first section of the chapter gives an overview of decision making during the residence 
time for B2B IT11 during its use phase, current levels of reuse and recycling, the routes by 
which it is collected and treated at end-of-life and the decision making which determines its 
fate. It is the intention of the first section of this chapter to investigate the landscape of B2B IT 
flows immediately following the use phase and to use the findings to inform where policy 
makers could or should intervene. With knowledge of the residence time and current 
structures for governance, policy makers ought to be able to intervene effectively to ensure 
that B2B IT is accounted for correctly and responsibly. This information is especially pertinent, 
as systems for capturing value from B2B WEEE may be already in place, but not subject to 
reporting under the current legislation (Huisman et al. 2012). The WEEE Directive applies to 
all 27 EU member states which brings a wide diversity of practice. The approach took 
samples from three States to account for some of the diversity that the legislation must 
consider. Due to the potential for diversity between the three sample populations, it is correct 
statistical practice that these results are documented separately and the differences between 
the countries are tested and presented for scrutiny. With these findings, common themes can 
then be discussed for the overarching policy recommendations at an EU level. The UK, 
France and Germany were selected as case studies as sales of EEE in these 3 member 
states account for 55% of all units put on the market in the EU, making them the most 
representative with the available resources (Eurostat 2010). Findings from this first section of 
the chapter have been published by the author in the Journal of Industrial Ecology (Peagam 
et al. 2013), a copy of the paper is included in the appendix. Findings from the second part 
feed into the EU FP7 funded ZeroWIN project, reviewed by several industry stakeholders to 
support policy with full dissemination due in 20141213.
11 A product group which makes up “a large proportion” of B2B W EEE put on the market (Environment Agency 2014)
12 http://www.zerowin.eu/
13 http://www.eceee.org/events/calendar/2012/egg-electronics-goes-green/egg-2012
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12 Survey of IT Managers
12.1 Methodology
12.1.1 Approach
The study engaged with businesses, as the input to the B2B WEEE collection and treatment 
networks, to investigate their end-of-use and disposal practices. To ensure a manageable 
scope, a single WEEE type was chosen for investigation: IT equipment. This type was chosen 
as its overarching WEEE Directive reporting category14 constitutes the largest fraction, by 
tonnage, of the B2B EEE put on the market (Environment Agency 2014). It was postulated 
from the outset that IT managers would have the greatest overview of the fate of end-of-use 
units; as such IT managers were targeted for data gathering via questionnaires.
A pilot study was implemented first to test the methodology (i.e. questionnaire design and 
likelihood of responses via this method of distribution) prior to embarking on the wider 
investigation into business IT asset management. Six large organizations from the EEE sector 
were recruited opportunistically (i.e., through business contacts), for the pilot surveys, 
representing a significant number of EEE users in the UK (self-reported: 21% UK PC market, 
30% EU televisions market, 16% EU domestic appliance market and 50% global games 
console market in 2011). Due to the limited sample size, the process of data gathering 
generated only anecdotal information, but it was of use when refining the questions placed in 
the final, representative, questionnaire for the study.
For the pilot study, questionnaires were circulated through electronic sector mailing lists to 
members of a producer compliance scheme, an industry association, a business park in 
Surrey and several websites with an industry user base. The decision to use these specific 
channels was based on opportunism. This questionnaire was circulated to several hundred 
addresses; the exact number is unknown as some of the mailing lists were private. This 
approach yielded a poor response rate (1 incomplete survey and the 6 gathered via business 
contacts).
12.1.2 Questionnaire development
Both the pilot and final questionnaires were developed in conjunction with colleagues from 
Hewlett Packard to ensure that the questions were relevant to industry, focussing on practical 
issues and appropriate language and terminology, and to cover the topics necessary to better 
understand the drivers of disposal and collection for IT at end-of-life. The questionnaire was 
designed to be exploratory; B2B WEEE is an area yet to be discussed in the literature in any 
depth, so causal research would be unrealistic without this context (Malhotra and Grover 
1998). A questionnaire was used as it would allow for tractable information for structured
14 IT and Telecommunications Equipment
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analysis to be gathered from a large number of organisations and there were 26 questions in 
total. Given the length of the questionnaire, the questions typically required selection from a 
range of fixed responses (e.g. Yes, No, Don’t Know), rather than open-ended responses.
Respondents were permitted to state that none of the fixed answers were applicable, to 
ensure the information reflected the reality of their situation. The first section of this chapter 
presents a discussion of the findings with implications for policy makers and, as such, data is 
presented from the questions which were judged to be the most relevant for the audience 
during a review by stakeholders. The topic areas, included in this discussion, on which the 
participants were polled are as follows:
Fixed replacement periods for IT equipment (presence/absence, quantifications) and 
the average age of units at-end of-life.
Existing practices for, and quantities associated with, unit recycling and 
refurbishment. Recycling is defined as sending end-of-life units to be processed to 
reclaim materials; refurbishment is defined as preparing end-of-use units for a 
comparable task.
The routes for, and internal parties responsible for, unit disposal and the disposer’s 
visibility of these systems.
How common charitable donations were and whether or not units stayed in the 
country.
End-of-life decision making (i.e. the parties involved), whether or not IT disposal was 
included in an Environmental Management System or equivalent and the 
organisational level at which relevant policy was developed.
The data judged to have no bearing on the policy based discussion in the first section of this 
chapter include: patterns of IT use (which was high in all sub-populations), internal transfers 
of IT units, IT maintenance practices and decision making, and motivations for unit 
replacement. The responses to the latter three question areas were varied within the 
population categories, with no significant trends having any bearing on the discussions below. 
Full results are available in the appendices.
To improve the low response rate experienced in the pilot, for the full study the questionnaire 
was transferred to an on-line environment belonging to the survey company ComRes, 
respondents (IT managers from each target company) were contacted by telephone and 
assisted to facilitate questionnaire completion. This made sure that it would require less time 
and fewer actions from the interviewees than in the pilot, to encourage participation. Following 
the experience gained through the pilot, information was also gathered on organisation size to 
categorise results. In the interests of ensuring anonymity, as it was supposed that this would 
promote participation, information on organisation size was not collected as a continuous
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field, but in fixed categories (details below in section 12.1.3). With the same motivation, 
information was not collected on industry sector.
12.1.3 Survey details
The survey was conducted in three countries: the UK, France and Germany. These three 
countries were chosen as large EU member states with developed WEEE collection initiatives 
and large IT markets. It is not possible to identify the minimum sample size required for a 
statistically significant result, as it is non-trivial to determine the number of potential IT using 
companies in each country and, more significantly, the extent of the WEEE networks. A total 
of 450 samples (150 per country) were planned given budget and other practical constraints 
with 455 samples taken in total. As such, the study results are to be viewed as indicative 
rather than definitive but this is in keeping with the exploratory nature of the study (see 
Malhotra and Grover 1998). It was hypothesised that the operational differences between 
organisations of different sizes would translate into varied approaches to IT asset 
management; hence for each country samples were to be stratified by organisation size: 
small SME (1-50 employees), SME (51 -200) and large (201 plus) equally.
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12.2 Results
Data were collected through the survey, according to the protocols outlined in the previous 
section. For five of the nine sub-populations, the quota of 50 organisations was exceeded by 
one. As such; 51 UK small SME, 50 SME and 51 large; 50 German small SME, 51 SME and 
51 large; 51 French small SME, 50 SME and 50 large organisations were polled. There were 
455 samples in total. It was not possible to obtain an even distribution of employee numbers 
within each organisation size category, due to both restrictions on survey budget (hence time) 
and the willingness of various organisations to participate.
It would be inappropriate to aggregate the responses of these sub-populations during analysis 
and discussion, due to the potential for variation within them. As such, these sub-populations 
are reported separately throughout the analysis and discussion, even when discussing 
general trends and any differences between the sub-populations. This is not necessarily a 
limitation to the study. The differences in EEE end-of-life management between the countries 
and organisation sizes is highly relevant to policy makers, as it highlights where policy needs 
to be varied to reflect specific circumstances.
Given the ordinal nature of the responses to the survey questions, non-parametric tests were 
used to determine trends within the data. The first step of the analysis was to see if there 
were significant differences in the responses between organisation size and country. Each 
ordinal response was compared with the fields of country and then size, using the Kruskall 
Wallis Test. This test was chosen as it compares the distribution of the means from 
independent samples within ordinal response categories. The null hypotheses were “There 
was no significant difference in the responses between the study countries” and “There was 
no significant difference in the responses between organisation size categories” respectively, 
using 95% significance [p < 0.05].
For those responses where there were no statistically significant differences between 
countries and organisation sizes using the Kruskall Wallis Test, Pearson’s Chi-square test 
was used to see if the pattern of responses to each ordinal question were significantly 
different to that which would be expected if there were no trends. This test was used to 
indicate whether the responses were not significantly different between the countries and 
organisation sizes through consensus (i.e. a strongly represented, common, response by all 
country or organisation size category organisations, so one situation was typical for all survey 
cohorts) or due to variance (i.e. no dominant response at all, the responses were random).
12.2.1 Residence time
Fixed replacement periods were most common in large organisations, less common in SMEs 
and less again in small SMEs [pO.000]. They were most common in France, then Germany 
and least common in the UK [p0.004]. For the UK and Germany, in all organisation size sub­
populations, more respondents said that their organisation did not have a fixed schedule for 
replacing IT units (replacement period) than did. In France, more SME and large
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organisations had fixed replacement periods than did not. The distribution of these responses 
can be seen in Figure 22.
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Figure 22. Fixed periods for unit replacement in the survey organisations
The organisations which did have a fixed period for IT replacement (27.7% of respondents 
unequally distributed across the sub-populations) were asked how long those periods were. 
As the sub-populations were unequally distributed and from a reduced set of data, the figures 
were not subjected to statistical testing. However, the findings are noteworthy and are 
relevant to the discussion of residence times. The most common response for all sub­
populations (i.e. organisation countries and sizes) was 3 years, with fewer responses of 2 and 
4 years and fewer again of 1 and 5.
All of the respondents were asked what the average age of their end-of-life units was. The 
most common responses were 2-3 and 3-4 years, similar to the findings from the questions 
on fixed replacement times. The least common response was up to 2 years, then 4-5 and 
more than 5. The spread of these responses can be seen in Figure 23. The difference in 
responses between the countries was shown to be statistically significant [p0.013], as with for 
the organisation size sub-populations [p0.01]. Based on these statistical results, it was judged
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that more of the French large organisations responded with 4-5 years, whereas more of the 
UK and German large organisations responded 3-4.
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Figure 23. Average age of units reaching end-of-life
12.2.2 Existing recycling and refurbishment practices
As Figure 24 shows, recycling and refurbishment (and both) of end-of-life units was very 
common among the respondent’s organisations. There were no statistically significant 
differences in the responses of the different country [p0.302] or organisation size sub­
populations [p0.162] using the Kruskall Wallis test, and the chi-square test showed that the 
aggregated responses were significantly different to that which would be expected if there 
were no trend [Asymp. Sig 0.000] (taken to indicate that there were no significant differences 
between the organisation size and country categories as there was a common distribution of 
responses, in this case “both methods”). Using both methods was the most common 
response, followed by recycling, refurbishment and then neither.
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Figure 24. Unit recycling and refurbishment practice in the organisations surveyed
The respondents were then asked to estimate the proportion of their end-of-life equipment 
which was recycled, refurbished or reused. As Figure 25 demonstrates, these estimates were 
highly varied. Statistical testing showed that the differences between the country’s responses 
[pO.001] were significant, but those between the organisation size sub-populations were not 
[pO.050], The French responses were more skewed towards the lower levels of recycling and 
refurbishment than the UK and German responses. There was still a wide range of responses 
within the French sub-populations.
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Estimates o f the proportion of end-of-life IT equipm ent recycled or refurbished
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Figure 25. Proportion of end-of-life units recycled or reused
12.2.3 Disposal and responsibility
The respondents were asked which parties within their organisation were responsible for the 
disposal of end-of-life IT. It was decided that two stages of this decision making chain would 
be explored: firstly the party which decided that a unit was at end-of-life and then the party 
responsible for ensuring collection and treatment. There were statistically significant 
differences between the responses of both the different country [p0.041] and organisation 
size [p0.40] sub-populations on who decided if a unit was at end-of-life. The two most 
common responses were IT manager and IT technician (accounting for a total of 63.6% 
responses overall). The differences between these two response categories are mainly 
semantic15 and, where this might not be the case, the roles would be closely related; 
accounting for the statistically significant variations between the sub-populations. Outside of 
these categories; senior manager was the next most common response accounting for 13.2% 
overall.
15 A  flaw  in the  design of the questionnaire
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When asked which party was responsible for unit disposal, there were statistically significantly 
different responses between the organisation sizes [pO.OOO], but not the country [p0.510] sub­
populations. In small SME and SME organisations, it was more likely that the person who 
decided a unit was at end-of-life (i.e. the party identified in the previous question) was 
responsible for disposal. In the large organisations, this function being outsourced (i.e. a third 
party having responsibility for disposal) was more common than in small SME and SMEs; but 
still not as common as the party deciding if a unit was at end-of-life.
Following the above questions on internal processes, Figure 26 shows the routes by which 
the survey organisations disposed of their end-of-life equipment. The different responses 
between the organisation sizes were shown to be statistically significant [pO.OOO], but those 
between the country sub-populations were not [p0.354]. Informal arrangements for unit 
disposal were more common in small SMEs, with less in SMEs and least in large 
organisations. Conversely, the use of another company to manage disposal (a contractor) 
was the most common option for large organisations, with less in SMEs and the least in small 
SME. It is worth noting that use of the unit supplier was not the most common option in any 
organisation size category (in any country).
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Figure 26. Routes for the disposal of end-of-life units
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The respondents were asked how far into the disposal process their organisations had 
visibility of their end-of-life WEEE.
Figure 27 shows the spread of data in response to this question. There were no statistically 
significant differences in the responses between the country [p0.626] or organisation size 
[p0.199] sub-populations. Using a Chi-Squared test, it was shown that the aggregate 
responses were significantly different to that which would normally be expected [Asymp. Sig. 
0.00; 3 degrees of freedom (df); 0% with expected frequencies less than 5]. The majority of 
organisations in all sub-populations had visibility of units until they left the site on which they 
were used, with considerably fewer until they reached a collection point; even less had 
visibility until they reached a treatment facility.
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Figure 27. The disposer’s visibility of end-of-life practices
12.2.4 Charity
The respondents were asked how frequently end-of-use units were donated to charities. 
Figure 28 shows the spread of data in response to this question. The difference in responses 
between the country subpopulations was not statistically significant [p0.444], but those 
between the organisation size sub-populations were [pO.OOO]. The most common response
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was “sometimes”, followed by “not at all”, in all sub-populations. Examining the spread of 
data, sometimes donating end-of-use units to a charity was most common in SMEs, followed 
by large and then small SMEs. Not donating units to charities at all was most common in 
small SMEs, followed by large and then small SMEs.
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Figure 28. Charitable donations of end-of-use units in the organisations surveyed
Following the questions on the practice of donating end-of-use units to charities, the 
respondents were asked whether or not these donated units stayed in the country in which 
they were used. The different responses to this question between the country [p0.002] and 
the organisation size [pO.001] sub-populations were statistically significant. The two most 
common responses for all sub-populations were either that they stayed in the country of use, 
or that the organisation did not know. Very few said that the equipment left the country in 
which they were used (3-12%). The most common response for all sub populations, except 
for German SMEs, was that the organisation did not know (52-74%). For German SMEs, the 
most common response was that the units stayed in the country of use (66%).
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12.2.5 Management
Existing policy for end-of-life IT equipment was explored in the organisations surveyed. 
Respondents were asked whether IT end-of-life featured in the company’s Environmental 
Management System. The spread of responses to this question can be seen in Figure 29. 
The different responses between both the country [pO.OOO] and the organisation size [pO.001] 
sub-populations were statistically significant. The response ‘no’ was least common in the 
large organisations, however ‘don’t know’ was very common in the UK and French large 
organisation sub-populations. Most of the German large organisations surveyed included IT 
end-of-life in their EMS. French SMEs were the type of organisation in which it was least 
common that IT end-of-life featured in their EMS.
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Figure 29. IT disposal in Environmental Management Systems
To follow this line of questioning, respondents were asked at which (management hierarchy) 
level of their organisation policy decisions relating to end-of-life IT were made. The 
differences in the responses were statistically significant, between both the country and the 
organisation size sub-populations. The most common two responses for all sub-populations 
were the corporate and site levels. This exposed a limitation of the questionnaire, as for small 
SMEs and some of the large SMEs it is likely that these levels would be the same; which
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could account for the statistically significant variation. For the large organisations, corporate 
decision making for end-of-life IT policy was considerably more common than any other 
option [regional; country; site; other].
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12.3 Discussion and Conclusions
12.3.1 Discussion of the approach used in this study
The study gave an overview of the management of IT assets in different sized organisations 
in the UK, Germany and France. In the majority of cases (63% of the respondents surveyed), 
the IT manager or technician was responsible for units at end-of-life. This validates the 
targeted survey respondent as, in most cases, the interviewee had an overview of the 
maintenance and disposal process.
The approach used for this study had particular limitations. It was decided that a 
questionnaire designed in conjunction with industry stakeholders would ensure that the 
questions would be relevant and therefore would promote a good response rate. It was 
assumed that the similar parties (the industry stakeholders and the particular survey 
respondents) would communicate the principles involved using similar language, which would 
promote understanding of the questions in the survey and thus the collection of accurate data. 
It is argued, based on the number of responses (455, 100%) for which all questions were 
completed, that this was the case. This approach does however mean that the questionnaire 
was designed with more of a focus on questions that would be appropriate to industry 
respondents, rather than following a more theoretical approach based on academic literature.
Malhotra and Grover (1998) defined two approaches to survey research: exploratory and 
explanatory. The study reported in the first section of this chapter falls into the former 
category; the latter can provide more definitive conclusions, but the requirements for survey 
design are more stringent. Malhotra and Grover define the objective of exploratory research 
as becoming more familiar with a topic. Given that the motivation for this study was to gain 
more information in order to fill a gap in the literature and the knowledge of policy makers with 
regard to B2B WEEE, and thus to determine whether the resources available to them (i.e. 
studies, operational models, policy principles) could equally well be applied to B2B WEEE, it 
is argued that the approach is appropriate. With no previous studies on the specific topic of 
this study (i.e. B2B WEEE), the stringent requirements for questionnaire design could not be 
met for explanatory research. It is also appropriate, however, to acknowledge the limitations 
that this puts on the data: causal analysis (and conclusions) based on the data would be 
inappropriate. The findings reported and implications which are discussed in the following 
section should be considered in this context.
12.3.2 Residence time for the use phase of B2B EEE
As Figure 23 indicates, the majority of units in the respondent’s organisations reached end-of- 
life and were ready for disposal after 3-4 years; the next most common response was 2-3. 
This was true for all of the country and organisation size sub-populations. Similarly, for the 
approximately 28% of respondents which had fixed replacement periods for IT units the most 
common length was 3 years. Data on the product lifetimes for B2B EEE products as defined 
by the WEEE Directive have not been published. Mayers and Cooper found in their 2000
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review of household EEE in the UK that the average age of disposal for units was between 
four and 12 years (Mayers and Cooper 2000). This finding differs to those in this study for 
B2B, although it should be noted that the work of Mayers and Cooper was carried out 12 
years before. An Arcadis report for the European Commission in 2008 (Bogaert et al 2008) 
made the assumption that electronic unit lifetimes were between seven and 30 years long 
(n.b. these were for all EEE and not just IT equipment), 10 years on average, although they 
did not document their justification for these figures. It should be noted that these figures were 
averages for all types of WEEE, whereas those from this study refer to B2B IT equipment 
specifically.
In a United Nations review in 2008 (Huisman et al 2008), a lack of reliable quantitative 
baseline data (including product lifetimes) was noted as a major problem with prognosis 
models for WEEE. The authors highlighted that sophisticated models use assumptions in their 
baseline data (often a range of scenarios) to predict future WEEE generation (Huisman et al. 
2008). This approach, while powerful, is limited by these assumptions. Linton et al (2004) 
used modelling to estimate the mass of WEEE arising in the future. Again, assumptions about 
product lifetimes were used in some of the input to the model. Should models, policy or 
assessments of the B2B WEEE system be made based on incorrect assumptions about 
product lifetimes, they then risk giving inaccurate predictions about the potential a risings of 
WEEE. As an example, if the B2C lifetimes mentioned previously (e.g. the 4-12 years of 
Mayers and Cooper (2000) or the 10 year average of Bogaert at al. (2008) were used in a 
study as an indicator for B2B, the findings derived from it could be incorrect.16 These findings 
about the range of B2B IT lifetimes are very relevant to policy makers and academics working 
in this area and can be used to better estimate potential arisings of B2B IT WEEE.
12.3.3 Routes by which B2B WEEE flows at end-of-life
In the majority of the respondent’s organisations, end-of-life IT was recycled and/or reused 
(as demonstrated by Figure 24, section 12.2.2). Few respondents, in any organisation size or 
country sub-population, noted that their organisation did not recycle or reuse end-of-life IT 
units at all. The survey also found that more of the smaller organisations disposed of their 
units through an informal arrangement and more of the larger ones disposed of them through 
a contractor (Figure 26, 12.2.3). The least popular option for all country and organisation size 
categories was though a supplier and a proportion of these would be unit manufacturers17 and 
the units which flowed through this route would be those which are reported under the WEEE 
Directive (i.e. the 7,189t of B2B IT and Telecommunications equipment which were collected 
in 2008 in the UK (Eurostat 2009), referenced in the introduction). These findings would be in 
agreement with Huisman et al.’s study of Dutch WEEE flows (Huisman et al. 2012).
16 Neither Mayers and Cooper or Bogaert suggested that this might be the case
17 i.e. as well as retailers, wholesalers and intermediary brokers
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Combined, these findings could be interpreted as showing that in the majority of organisations 
surveyed in both these studies, the end-of-life units are being collected; but would not be 
reported under the WEEE Directive when they flow through these routes for treatment. This is 
significant, since it suggests that it is not the case that B2B WEEE is not managed; but rather 
that it is not managed through the channels that the Directive expects (a take-back route 
governed and financed by manufacturers).
As Figure 25 demonstrates (section 12.2.2), there was a lot of variation in the estimated 
levels of recycling in the organisations surveyed. This could be seen as conflicting with the 
preceding assertions in this discussion as some of these estimates for amounts recycled are 
low. As Figure 27 demonstrates (section 12.2.3), very few of the organisations had any 
visibility of their end-of-life units after they left the site on which they were used. As such, it is 
argued that a lot of this variation comes from a lack of visibility on the part of the respondent; 
that these responses were ill-informed and thus variable. A limitation of the questionnaire, 
with hindsight, is that this detail should have been clarified (i.e. the question on the proportion 
of end-of-life units recycled or reused should have been followed by a qualifying “how can you 
be sure?”). Despite these limitations, these findings remain of value to policy makers and 
academics. The fact that the majority of B2B IT could already be collected and that different 
sized organisations might use different routes, most of which are not covered by current 
WEEE reporting, should be considered in future policy making and studies in this area.
12.3.4 Governance and decision making surrounding B2B WEEE
Another objective of this study was to demonstrate the decision making for IT equipment at 
end-of-life, to aid the targeting of policy instruments. In most cases, the IT manager or IT 
technician was the internal party responsible for deciding if a unit was at end-of-life. In the 
majority of small SME and SME organisations from all study countries, this party was also 
responsible for ensuring collection and treatment. In larger organisations, use of a contractor 
was a more common route than in the smaller categories of organisation size, but still not as 
common as the same party that decided the unit was at end-of-life. The inclusion of a policy 
for IT disposal in the organisation’s Environmental Management System differed across the 
country and organisation size sub-populations, as demonstrated in Figure 8. In the UK and 
France, more respondents than in Germany did not know if IT disposal featured in their 
Environmental Management System, particularly in the larger organisations. Most policy 
decisions here were made at either the site or the corporate level, as mentioned in the results 
section; this showed a limitation of the questionnaire as for a proportion of the respondents 
this would have been the same, leading to a spread of responses.
Internal knowledge of the existence of an Environmental Management System is a separate 
issue to that considered in this thesis; there was not enough relevant data collected to 
comment on it, although it would be an interesting topic for research. These findings show a 
simple system for the internal governance of units at end-of-life in those organisations 
surveyed; often with a short chain of actors (there is no obvious reason why this simple
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approach would not be effective). These actors could easily be targeted by policy makers, 
should it be deemed appropriate, as many were shown to have a common role in their 
organisation (IT manager/technician) and the decision making process around unit end-of-life 
and disposal was shown to be straightforward.
12.4 Conclusions and Recommendations
It is argued that the two most pertinent sets of findings are those around product lifetimes for 
B2B IT and those related to the routes by which it can flow at end-of-life. The goals of the 
study, to explore existing practice for recycling and refurbishment and the governance of B2B 
IT, were met by the data collection and the discussion of these findings also feeds into the 
presentation of the routes by which it flows at end-of-life. From a statistical analysis point of 
view, it was appropriate to keep the discussion of the differences between the country and 
organisation size sub-populations separate throughout the study and to test the variation; 
however there was a degree of convergence between these sub-populations in the key areas 
of findings.
It would appear that B2B product lifetimes are shorter than for B2C units, averages for the two 
data sets in this area were 3 years whereas B2C estimates are much longer (section 4.3.3.a). 
This would mean that most of the units, while at end-of-life as far as the user was concerned, 
would still be functional and could even have another use phase and a potential financial 
value. It seems counterintuitive that there would not be a party taking advantage of this 
somewhere. As the research showed, in all study countries the majority of organisations 
recycled or refurbished some of their end-of-life equipment. Also, the majority were disposing 
of their equipment through either an informal arrangement or a contractor, depending on the 
size of the organisation; two routes not currently covered by current WEEE Directive 
reporting. These findings, combined with Huisman et al.’s research (Huisman et al. 2012), 
suggest that in many cases there are parties which are already taking advantage of the 
potential value of B2B WEEE, which could account for the low reported collection rates in the 
waste streams that are monitored. The study discussed in this paper focussed on IT 
equipment only, which could be an indicator for B2B WEEE generally.
These findings have implications for policy makers, and academics, attempting to implement 
or analyse policy in this area. Taking EPR as an example, increasing accountability for a 
waste in which the ‘responsible’ party sees little or no value is one challenge; whereas 
incentivising, or coercing, a party to compete for a commodity which is already being taken 
advantage of would be quite another. There is a pressing need for WEEE to be properly 
collected and treated at end-of-life; the impacts of not doing so to environmental, economic 
and social sustainability in this area are manifold (Zhang and Forssberg 1999; Agarwal 2005; 
Greenpeace 2009; Schluep et al. 2009). Should policy makers decide to set targets for 
collection, such as the 45%, then 65%, of the WEEE Directive recast (European Commission 
2008a), and these indicative findings reflect the wider stream; then manufacturers could be 
forced to pay these collectors, or the users, to access the WEEE to comply. Even then, there
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is no guarantee that the targets could be met. Whether or not this would be ‘better’ from a 
sustainability point of view than the status quo would depend on the practices of the informal 
organisations and the contractors. These organisations are not covered by current WEEE 
Directive reporting and could collect a portion of the B2B IT.
The basic principle of EPR is that making manufacturers responsible for the whole lifecycle of 
their products will drive them towards more sustainable business models in this area. 
Manufacturers have not made WEEE collection to reuse components or obtain materials for 
their own supply chains part of their business voluntarily; most comply collectively and 
financially through Producer Compliance Schemes (van Rossem 2008). Conversely, there are 
apparently some organisations voluntarily collecting WEEE already; presumably these 
components or materials are fed into a supply chain at some point.
The producers’ extended responsibility in this case could be through the development of 
treatment standards or partnerships with those organisations which have a use for the 
potential commodity in their existing business model. These collectors would need to be 
monitored and regulated and more information on these parties would be required before an 
approach could be developed. The study presented by the first section of this chapter has 
given the indication that the activities of these collecting parties could be widespread, 
representing a route for B2B IT at end-of-life. A study which engages with collectors spanning 
the range, from small informal companies to large and established ones, is presented in the 
next section.
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13 Study of B2B IT collectors
13.1 Introduction and rationale
The findings of the survey of B2B IT managers described in the preceding section suggested 
that a greater knowledge of collection networks independent of manufacturers and 
government would be an advantage when developing approaches to report outside of the 
regulated WEEE system (Peagam et al. 2013). Only 6.2% of the organisations surveyed 
disposed of their end-of-life units through manufacturer owned schemes; the remainder used 
collectors which were independent to manufacturers or an internal function. It was argued in 
the analysis of the survey results (section 12.3) that disposal which the survey respondents 
described as being done by themselves could result in collection by an independent party.
As discussed in chapter 1 (section 4.3.3.b), the independent collecting organisations 
aggregate end-of-life B2B EEE before distributing whole units, components, materials and 
waste to brokers, commercial recyclers and waste managers and their activities account for at 
least some of the shortfall in reported collection through producer responsibility routes. A 
further empirical study was implemented to explore these networks, to support the analysis 
for policy and strategy recommendations to support the thesis research themes.
The survey of IT managers reported above focussed on a single stream of WEEE: IT and 
communications equipment. In this study, it was unclear from the outset how specialised the 
collectors would be in terms of the product types they treated. As such, the scope was 
broadened to include any B2B product types, better to understand the points of aggregation 
and separation for WEEE flows. This work feeds into the EU funded ZeroWIN project, which 
will publish the findings in 2014 to support EU policy.
13.2 Goals and objectives
The goal of this study was to determine the nature and extent of the operations of 
organisations outside manufacturer and government monitored collection networks. The 
objectives for this phase were:
[a] to determine the structure and processes of these networks and the governance of the 
WEEE flowing through them. Also, to highlight and discuss the incentives and barriers that 
private, commercial, organisations are subjected to during collection and treatment;
[b] to outline strategies for policy and reporting to improve B2B WEEE collection and 
treatment at end-of-life;
[c] to identify what extra knowledge would be required to address any paucity of data in [a] 
and to implement the recommendations of [b].
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13.3 Methodology for data collection and analysis
As described in chapter 1, the systems targeted by this study are not explicitly documented in 
the literature and the operations and motivations of the actors are unclear. This has 
implications for designing the methodology for data collection. A quantitative approach, such 
as a survey based questionnaire, would have required at least some knowledge of the system 
to be surveyed. Furthermore, to collect responses in a consistent format for quantitative 
comparison would have required specific, bounded, questions. The goals of this section of the 
study were qualitative by nature [e.g. organisation structures, business models], particularly 
when contrasted with the more precise goals and findings of the IT managers’ survey 
preceding and informing this study [e.g. age of end-of life units, specific party responsible for 
disposal, collecting organisation]. In order to develop an overview of their industry, data on 
organisation structure and drivers were thus gathered through semi-structured interviews with 
collecting organisations of different sizes. While a formalised set of questions is used in this 
method, to ensure that the goals and objectives of the study are met, the questions are open 
ended to add richness and flexibility (Altheide and Johnson 1994) providing scope, in this 
case, to record the motivations of collecting organisations.
There are papers which criticise formalised approaches to analysis such as these (Crang 
2002), highlighting that the interpretation of results can easily be biased by the prejudices of 
the interviewer and interviewee (Diefenbach 2009). Also, the frameworks for analysis of the 
data can lack rigour and transcription errors or inconsistencies can cause problems. These 
have been countered by other authors, who also noted that the same criticisms can be 
applied to more empirical techniques in some instances (Altheide and Johnson 1994; 
Diefenbach 2009). Ultimately, in an area which has had little attention in academic or other 
research such as B2B WEEE, an exploratory approach (Malhotra and Grover 1998) is the 
most sensible one in the first instance. Without high level, qualitative, background information 
it would be impossible to select the appropriate questions to ask in a questionnaire based 
study and quantitative analysis, or to determine system boundaries for complex modelling 
(e.g. such as those done for the more formal collection system as done by Georgiadis and 
Besiou (2008)). The approach to sampling was to use determinative sampling (see 13.3.1) 
where central actors in an area of interest (in this case, collecting organisations) are engaged 
and their input is considered the authority on the subject to be studied (in this case collection 
and disposal of B2B EEE at end-of-use).
13.3.1 Sample size and population selection
In a preliminary discussion with a representative from a collecting organisation, who would go 
on to be interviewed in full later in the study, it was estimated that the largest 4-5 
organisations had a combined 40% share of the market for B2B IT WEEE. Given that sample 
size would be limited by available time and resources, effort was focused on those controlling 
the greatest volume of WEEE. A market research report by the Plimsoll Group (Plimsoll 2011) 
included limited details of 75 collecting organisations in the United Kingdom and detailed
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financial data of the 50 largest of these by volume, from which a shortlist of candidate 
interviewees were initially going to be selected.
The organisations with the greatest market share for WEEE arising, according to the Plimsoll 
Report, were unavailable for comment and anecdotal evidence from industry research 
partners suggested that some of them did not actually collect WEEE at all. Upon re­
examination, the methodology used in the Plimsoll report was flawed. Market share for WEEE 
arising was calculated using the financial turnover figures which are publicly registered by 
Limited and Privately Limited companies in the UK. This method is crude but would at least 
be relevant to market share if the organisations in question had a single function i.e. the 
collection and treatment of B2B WEEE. According to the Plimsoll report, the organisation with 
the largest market share for B2B WEEE was a multinational waste manager with extensive 
government contracts for household waste. This means that its annual turnover bears no 
relation to the volume of WEEE it collects. It is argued that the organisation in question is 
registered to handle WEEE, as it can leak into the household waste stream, but it is 
reasonable to assume that it collects very little. In light of these findings, use of the Plimsoll 
report for targeting sampling was abandoned and the larger WEEE collecting organisations 
discussed in section 13.1 were approached.
Snowball sampling is a non-probability technique for selecting respondents for a study. New 
subjects are referred to the researcher by those which are initially engaged. This approach 
allows expertise to be identified and a researcher to access respondents in difficult to reach or 
unknown populations (Faugier and Sargeant 1997; Davis and Wagner 2003). This approach 
was deemed appropriate for this study, as the population was unknown and there was little 
incentive for participation on the part of respondents and in most cases no existing 
relationship. This necessitated a flexible and opportunistic approach to the process of 
securing interviewees.
13.3.2 Implemented sampling strategy
Using the snowballing approach, three large B2B WEEE collectors were identified; from the 
largest 4-5 collecting organisations which were found in the study results to collect an 
estimated 60% of the WEEE (section 13.5.3). Additionally, two organisations which turned out 
to be medium sized actors were contacted; these were found in the study results to collect an 
estimated 1% of the WEEE each. Finally an industry association for private (therefore de 
facto, largely B2B) reuse and recycling of WEEE was contacted and their membership is 
likely to comprise the majority of the market.
In addition to the semi-structured interview topics discussed below (see section 13.3.4), these 
organisations were asked to recommend other organisations for data collection and to 
validate their counterpart’s reported positions in the B2B WEEE market; i.e. each was given 
an anonymised summary of how the other interviewees viewed the landscape of the
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collection and treatment industry (verbally) and was asked how accurate they thought that it 
was.
13.3.3 Representativeness
While 5 collectors and an association for an industry with potentially hundreds of actors 
appears to be a small sample size; 3 of those actors account for a majority share of all B2B 
WEEE arising between them (according to the findings of this study). Additionally, the 
snowball sampling technique made it more likely that the respondents were informed experts. 
Finally, while engaging with the two organisations which operate outside of the largest 4-5 
and a commercially independent stakeholder, these interviews afforded a broad and informed 
view of the industry.
13.3.4 Semi-structured interview topics
Question topics for the semi-structured interviews were based on an approximation of the 
collection and treatment process for B2B WEEE, informed by the aforementioned preliminary 
discussion. This overview is presented in Figure 30 below. A collector would need to procure 
the units from an end user, then treat or recondition them to sell on the second hand 
electronics or materials markets. During the preliminary discussion it was noted that end 
users sometimes shared in the profits of third party collectors from reselling units; this 
potential for feedback was included in the figure and explored in the questions. While a basic 
model, Figure 30 was as detailed as was possible to develop at the outset and provided a 
framework for question headings. The motivations behind the question headings in relation to 
the goals of the study are listed below.
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Figure 30. High level overview of the B2B WEEE collection process developed before 
the study
Topic 1: Collection
As the input to the system, collection practice made a logical starting point to gather data. To 
begin the investigation of business models and drivers, interviewees were encouraged to 
discuss the business relationships between collector and end-user, including the development 
of pricing structures and procurement strategies. Subcontracting practices were also 
discussed, to ensure a complete overview of the chain of actors was collected as was the mix 
of products collected.
Topic 2: Internal Operations
The bulk of the information collected on organisation structure and governance came from 
discussions of internal processing routes and unit turnover. Knowledge of the decision making 
processes during remanufacture, recycling and resale were developed for the analysis of 
business models and drivers. Similarly, the details behind the decision making processes 
when materials re-entered the market were discussed.
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Topic 3: B2B EEE market
Details of the market in which the actors are competing informed the analysis of the drivers 
and incentives that commercial actors are subjected to when collecting and treating B2B 
WEEE. Information on market share, the influence of the materials market, revenue streams 
and overheads were collected to help construct and give context to the overview of the 
collecting organisations within the scope of the study.
Strategies to intervene for reporting and governance to improve collection and correctly 
apportion responsibility, along with the knowledge required to implement them (objective (b), 
see section 3.2), were developed based on the analysis of these data.
13.3.5 Methodology for analysis
The data collected through the semi-structured interviews was qualitative and as such, the 
data were analysed in line with Schmidt’s guide to analysing qualitatative data (2004). This 
approach was chosen as it is designed to work with coded analysis based on answers to semi 
open questions, data such as that collected, and offers a structured approach for robust 
conclusions. The notes taken during each of the semi-structured interviews were transcribed 
and then collated into a single document (presented in Appendix A), in preparation for an 
approach to categorisation described by Schmidt as “material-orientated”; i.e. basing the 
structure of the analysis on the actual responses, as opposed to trying to artificially match 
interviewees inputs to pre-ordained categories. The notes from each interview were coded 
(using corresponding colours for related terms or findings) and related or identical information 
were grouped together. These groupings were further refined into the detailed case 
interpretation of the information collected during the semi-structured interviews, with the 
strongest themes (as identified by the number of interviewees introducing the same 
information) as topic headers, followed by the positions and the inputs of each contributor. 
The detailed case interpretation is presented in the following results section.
13.4 Case interpretation of the qualitative results
All the interviewed organisations either exclusively, or extensively, collected B2B IT 
equipment (including related display and in some cases large server equipment) and display 
equipment. As noted in section 4.3.3.b, IT equipment constitutes the greatest fraction, by 
mass, of B2B WEEE sold in the UK: 113,000t of 300,000t sold in 2009 (Environment Agency 
2014). The next largest fractions sold in this year included: lighting equipment, 68,000t; 
cooling appliances, 30,000t; display equipment, 18,000t (computer monitors from this 
category were collected); large household appliances, 15,000t; monitoring and control 
devices, 13,500t; medical devices, 12,000t. Less than 10,000t B2B EEE was put on the 
market in 2009 in each of the remaining 6 categories. Lighting and cooling equipment require 
specialist treatment and so would be collected by legislatively certified specialists. This leaves 
around 71,000t of the UK B2B EEE put on the market presumably in a stream other than that 
engaged with during this study (24% of the total) (Environment Agency 2014).
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13.4.1 Market share and the industry landscape
13.4.1.a Market share of the organisations represented during the study
All of the interviewees discussed their organisation’s market share. One organisation reported 
that they collected 3.2 million units in a year and estimated that their market share was 10% 
of used B2B EEE arising in the UK. They had based their positioning on their own collection 
tonnage and data on the mass of units sold in the UK, available from the UK Environment 
Agency, and thought that “70% of the used B2B EEE arising collected in the UK is collected 
by the largest 30% of collecting organisations” based on the experience of their competitors. 
One of the medium sized organisations, which turned over 120,000 units per year, estimated 
that they had a market share of less than 1%. This would suggest that using the first 
company’s estimate as a benchmark, their share should be 0.375%.
A large and medium organisation both claimed that it was impossible to calculate their market 
share. The first was an organisation which processed 16,000 units per year. They noted that 
the UK Environment Agency Figures for B2B WEEE had been submitted voluntarily, that 
there was no obligation on collecting organisations to report the volume of units they 
processed and there was no structure for collecting “evidence18” for B2B in the current 
system. They said that there were no collection figures available for the market of 
independent B2B WEEE collectors, although they were aware that the share of these 
operators was small. They estimated that the largest organisations might actually have a 10- 
15% share of the market between them and that no-one knew what happened to the 
remaining 85-90%. The second was a larger organisation which also acted as a compliance 
scheme for several multinational manufacturers and processed B2C WEEE, as well as B2B, 
as a registered Approved Authorised Treatment Facility. The respondent knew how much 
used B2B EEE the company collected, but was unwilling to disclose this information. The 
respondent went on to state that he had “no idea” how much used EEE other organisations 
processed and qualified that no one could. They noted that as figures were volunteered, there 
was no external validation and, should there be commercial incentives to report incorrect 
figures (either to downplay or inflate their market share, the former to minimise accountability 
and the latter to attract investment to give an illusion of stability and robustness); there is no 
mechanism currently in place to prevent them from doing so. This is a limitation in any 
interview based analysis (i.e. that respondents provide inaccurate information), however it 
was stressed to respondents that the data collected would be anonymised, the respondents 
were also highly qualified to discuss the subject matter and there are no direct commercial 
implications associated with this study and as such it is argued that this limitation was 
minimised.
18 See Chapter 1 section on “terms”
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For one of the organisations, the respondent could not reveal the volume or number of units 
they processed in a year as they said that this information was commercially sensitive. One of 
the other organisations speculated that this organisation probably had the largest market 
share of used B2B EEE arising. Conclusions from these results are discussed in section 13.5.
13.4.1.b The industry landscape
One interviewee estimated that there were around 400 organisations currently collecting used 
B2B EEE in the UK. The respondent said that 20-30 of these had more than 20 employees, 
however, this information was again based on the Plimsoll report so was treated with caution. 
Another confirmed this notion, stating that there were a few large organisations (naming the 
largest, some of whom were interviewed for this study under the condition of anonymity) and 
describing the remaining industry as “fragmented”
Another organisation had based their positioning on data from Companies House, a function 
of the UK Government which holds the publicly available financial reports of all types of 
Limited company (operating within the UK) and releases them for an administration fee 
(Companies House 2012).The respondent said that there were 4-5 collectors of used B2B 
EEE with an annual financial turnover greater than £1.5 million per annum and more than 300 
organisations in total, which supports the statements from the other interviewees (discussed 
above in section 113.4.1). The interviewee noted that 150 of these organisations turned over 
less than £175,000 per annum and speculated that these would be staffed by “1-2 men with a 
van”. They also noted that 100 organisations had begun trading in the previous two years, 
since January 2010. It should be noted that this approach, with regard to estimating volume 
collected based on financial turnover, is similar to that of the Plimsoll report and therefore 
suffers similar limitations (see section 13.4).
One of the respondents for the organisation noted that some traditional recyclers had added 
used EEE collection functions to their businesses to ensure throughput of materials, citing two 
national examples. The respondent also highlighted that two EEE retailers (independent to 
manufacturers) had added collection and recycling functions in a bid to increase their 
revenues, speculating that declining profit margins in EEE hardware sales was driving this 
diversification.
13.4.2 Competition for the used EEE commodity
One of the respondents stated that there had been an increase in competition for access to 
used B2B EEE in the last 5-6 years. This position can be corroborated by the interviewee 
statements which describe an increase in the number of collectors in the previous section. 
This organisation also noted that a lot of the smaller organisations only operate for a small 
period of time. The representative of the smallest organisation interviewed (in terms of 
number of units collected) discussed competition at length. The respondent cited the recent
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global recession and an increase in scrap metal prices19 as incentives for smaller, 1-2 person, 
operations to start collecting. The respondent noted that an individual computer base unit was 
worth £7 on the scrap metal markets and that motherboards could attract £6500 per tonne. 
He said that a small organisation with low logistical costs could make a profit by stripping 
down obsolete EEE and selling the materials to more traditional scrap metal merchants, 
rather than to those in the authorised WEEE treatment routes. He said that these 
organisations often sell motherboards to UK based accumulators who resell their stock to 
smelting organisations in Europe and in Singapore.
The respondent went on to discuss a recent case where a similar-sized competitor had 
ceased to operate due to financial difficulty, noting that this organisation was being out- 
competed at a local level by smaller, less formal, organisations with low logistical costs who 
offered free collection. When questioned, the respondent said that this would affect the 
environmental and social impact of B2B EEE treatment as the smaller organisations might not 
have the capacity to maintain acceptable standards of treatment and that “compliance comes 
at a cost and there are various levels of compliance” (possibly insinuating that there are 
standards of collection and treatment that would not contravene the UK interpretation of the 
WEEE Directive but could be undesirable from a sustainability perspective).
The larger organisation with the associated compliance scheme took an opposing view on 
competition, particularly from the smaller organisations. They recognised an increase in 
legitimate, informal, small scale collection. They also recognised an increase in illegitimate 
activates, citing the recent attention metal theft had received in the media as evidence20. They 
said that the legitimate, 1-2 person, organisations had small financial turnovers, operated “on 
the margins” of the market and that they did not recognise them as competitors. They did 
discuss metal thefts with their customers and trading partners, describing these as an 
“annoyance”. They stated that no one enforced the laws prohibiting some of these activities 
which ultimately accounted for a significant volume of material being diverted from the formal 
channels for recycling, reuse and disposal.
13.4.3 Collection practices
Collection practices varied even within the organisations themselves. Four out of the five 
collecting organisations21 specifically detailed that a combination of their customers 
preferences, location, number of units and security requirements determined collection 
practices. These four organisations also charged these customers for collection. The 5th 
would not discuss collection in this level of detail.
19 Concurring with the analysis of the literature in Chapter 1
20 Concurring with the analysis of the literature in Chapter 1
21 Note that the sixth interview was with a trade body
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One noted that during collection, it was essential to thoroughly inventory the equipment as 
their customers often added more units to the stock than initially agreed. Another discussed 
two types of B2B collection: “roll outs” and “clear outs”. The former involves the collection of a 
number of similar units “off the desk” in the event, for example, of a workforce wide hardware 
upgrade. These collections are prized in the industry, often these units are still in good 
working order and there are a number of units of the same model which makes them easier to 
process and sell. There is a lot of competition for these “roll outs” and potential customers of 
the third parties often release tenders for a number of collecting organisations to bid for. 
“Clear outs” are when customers decide to dispose of redundant or broken units, often after 
having built up a stock over time. The stock to be collected is frequently made up of older, 
non-functioning units and the equipment models can be mixed. These are less attractive than 
“roll outs”, however some value can always be reclaimed from some of the materials.
13.4.4 Age of used EEE units collected
One respondent noted that the units they collected were between 2 and 7 years old, but the 
majority of these were between 3 and 4. Another said that they collected very few that were 
less than 2 years old and that 90% would be between 2 and 5. One stated that the age of the 
units varied by the sector the customer operated in, stating that units from the financial sector 
tended to be 2 years and over, from commercial organisations 3-5 years and from public 
sector 4-5 years.
13.4.5 The relationship between the end user and the collector
One of the organisations noted that their customers approached them with different 
motivations or requirements: sustainability, compliance, profit, security or simply a need for 
the units ‘to be gone’. Most of the organisations described initiatives whereby the collecting 
organisation and the customer shared the profits made by selling the used EEE units for 
reuse. One organisation described this as “standard industry practice”. The different 
organisations had different approaches to engaging with customers: some had sales teams 
and some relied on organisations finding them. One organisation invited potential customers 
to tour their facilities, emphasising their security capabilities and data wiping technologies. 
The organisation sourced most of its business through these tours. One of the smaller 
organisations engaged with most of their customers through referrals from IT equipment 
leasing organisations and resellers.
As alluded to earlier in the section on collection practices (13.4.3), the attitude of the customer 
dictated the treatment of their units and the level of reporting provided by the collecting 
organisations. Sometimes the customers wanted to make a profit from the resale of their 
redundant assets. This would take longer and require greater engagement from the end-user. 
Some simply wanted to dispose of the units and to pass on the duty of care for their used 
EEE. Similarly, some customers required full reporting and traceability of their units
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throughout the collection and treatment processes to either the resale or materials markets 
and some simply “wanted it gone”.
The large organisation which also acted as a compliance scheme, detailed their traceability 
throughout their supply chain. They were also regularly audited for their voluntary 
environmental (e.g. ISO14001) and data security (e.g. sections of the ISO9001 for quality) 
standards. Data security was a common theme for most of the interviewees, with their 
organisations offering full data wiping services. Three organisations cited compliance with the 
Data Protection Act and concerns about the security of potentially sensitive data on their used 
EEE as motivations for customers using their services.
13.4.6 Processing practices
Processing depended on both the customer’s wishes and the potential profitability of the 
product. One organisation noted that “large volumes of standard equipment are a commodity; 
everybody knows what they are worth”. Only certain models were worth sending for reuse 
and then, only in sufficient quantities. For other models there was only profit to be made 
through material recovery
One organisation noted that 90% of the used B2B EEE they collected was still “functional”, 
but that not all would be worth repairing and presenting to a marketable standard. Different 
organisations had a slightly different approach to deciding whether or not to send a unit for 
reuse. One stated that if it would take longer than 20 minutes to bring a unit “to market” then it 
would not be worth processing. This organisation held regular meetings to discuss the current 
market for reusable equipment and noted that units could become obsolete very quickly. 
Another described a graded scale of unit quality, this was compared with the market value of 
the unit once treated to decide whether to reuse or recycle. Another said that the decisions 
were purely economic and based on experience of the market, that units were often sold in 
bulk with a per unit price based on processor speed. The largest organisation noted that they 
did not single out likely units for reuse as this would be unprofitable; they said that the 
complex treatment requirements would only be viable for larger quantities of standard units.
The units for which reuse was not financially viable were recycled. The organisations then 
tried to reclaim value through international materials markets. Units were dismantled and 
stripped down into ferrous, non-ferrous and plastic streams and sold to metal smelters and re- 
processors. A respondent from one of the organisations speculated that a large proportion of 
used B2B EEE was being mistreated as scrap metal, it is permissible to treat LDA in these 
streams but not IT equipment (Environment Agency 2014).
13.4.7 The market for materials and reuse
The destination of the materials depended on the specific stream, e.g. CRTs required 
specialist treatment, motherboards would typically go to copper smelters (typically Umicore). 
Non-ferrous materials would generally go to a smelter (again, often Umicore). Ferrous 
materials would often be sold to organisations in Turkey, Spain and India. The destination
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could change based on market activity; the larger organisations surveyed would monitor 
international materials prices to target their selling which would often be aggregated. It is 
likely that smaller organisations sell materials to local scrap metal dealers (illegally), as 
discussed in section 13.5.2.
Most of the organisations stated that they generated more revenue though reuse markets, but 
as it was only viable to sell multiple units of specific models, as customers would only but 
certain models, they had to recycle to reclaim value from the remaining used EEE. One of the 
large organisations noted that recycling costs could be prohibitive for smaller organisations 
who could only afford to resell the used EEE they collect. The largest organisation, noted that 
there were a number of parties from different industries which could be handling the material 
and it was difficult to track as it moved through the networks. Another noted that units that 
were in working order, but unsuitable for the UK used hardware market, may be exported.
13.5 Discussion of the qualitative results
Following the analysis of the results gathered through semi-structured interviews, findings are 
discussed in relation to the objectives as outlined in section 13.2.
Objective [a]; to determine the structure and processes of these networks and the governance 
of the WEEE flowing through them. Also, to highlight and discuss the incentives and barriers 
that private, commercial, organisations are subjected to during collection and treatment
13.5.1 Structure of the flows of B2B EEE in the UK
Information about the structure of the current collection systems was gathered from the 
details of collection and treatment practices for used B2B EEE and the relationships between 
collector and user collected via the semi-structured interviews. These inputs were used to 
develop Figure 31, mapping out the flow of materials from collection to the materials and 
reuse markets via treatment. While the organisations interviewed varied in size, ranging from 
those treating millions to those treating thousands of units per year, similar pathways were in 
place; albeit at different scales. While smaller, 1-2 person, collecting organisations were not 
interviewed, their operations were discussed with their larger counterparts and, based on the 
data gathered it is considered reasonable to suggest that these pathways would be similar to 
those illustrated by Figure 31.
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13.5.2 Processes for collection and treatment
Once an organisation collects used EEE, it makes an assessment on whether it would be 
more profitable to process the units for reuse or for the materials markets. Should reuse be 
the preferable option, units are treated to a standard where they can be sold; this treatment 
can range from cleaning and repackaging to remanufacture. Should reuse not be profitable, 
units are processed to reclaim their embodied materials. Materials are separated into streams 
of commodities: ferrous and non-ferrous metals, plastics, circuit boards and those requiring 
special treatment such as CRT glass. The more streams the materials are split into, the 
‘purer’ they are and as such can command a higher price. There is a trade-off between the 
cost of disaggregating the materials and the increased price of the ‘purer’ commodity. Greater 
disaggregation requires more specialist treatment, specific equipment and a greater intensity 
of process and effort, which comes at a cost. Some treatment options require large quantities 
of used EEE to achieve the economies of scale necessary to make them a profitable 
endeavour. As such, these options are not available to smaller organisations which can only 
make a profit through selling more aggregated streams of materials. A large and medium 
sized respondent both suggested that the only value recovery pathways which would be 
economically viable for 1-2 person organisations would be through local, traditional (non- 
WEEE specialist), scrap metal brokers rather than on the international materials markets 
which they used. One organisation speculated that a significant quantity of used B2B EEE 
was being mistreated (i.e. contrary to the UK implementation of the WEEE Directive and to 
improper environmental standards) locally as scrap metal.
13.5.3 Governance of material flowing through each channel
The discussions on the market for used EEE were instigated to determine the mass of 
material flowing into the different routes for collection and treatment networks and to map 
these routes. While some organisations were willing to discuss how much material they 
processed, others were not.
The interviewees were consistent in estimating that there were around 400 organisations 
collecting used B2B EEE in the UK22, that approximately 20 of these (i.e. 5%) had more than 
20 employees and that 150 (i.e. 30%) were 1-2 person operations with a turnover of less than 
£175,000 per annum. The market outside the top 20 largest organisations was described as 
“highly fragmented”. Given this fragmentation and the inconsistencies in estimated market 
share from larger organisations, it is difficult to determine precisely how much used EEE flows 
where.
Tonnages of B2B EEE put on the market are available through manufacturers reporting for 
the WEEE Directive, however WEEE arising is recorded by the government for B2C only. As
22 It is a limitation that some of these estimates are based on Plimsol and thus likely to be inaccurate, however some 
were not
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noted earlier (in chapter 1 section 4.3.3.b.), 300,000t B2B EEE was put on the market in the 
UK in 2009, of which 113,000t was IT and Telecommunications equipment (Environment 
Agency 2014), the largest fraction of B2B EEE sold. These figures are reported by mass, 
whereas the interviewees discussed how much their organisation collected by number of 
units. It is argued that this reflects how most interviewees viewed their businesses; 
commodities are sold by mass whereas EEE is sold by the unit and despite increasing 
materials prices all the interviewees, excluding the representative of the largest organisation 
(in terms of reported volume collected), noted that reuse was the most profitable treatment 
option for them. During the research into B2C WEEE described in chapter 2 (section 9.2.4), 
information on the mass of WEEE units arising was collected. The median mass for a unit of 
IT equipment (excluding accessories23) was 5.355kg. Using this value as a representative 
per-unit mass; 21,101,774 B2B IT units were sold in the UK in 2009 (i.e. 113 x 103 / 5.355 x 
1O 3) tonnes. As the interviewees consistently estimated that the majority of the units that 
they processed were 3-4 years old, the market figures for 2009 (or 2008) would be the most 
relevant to the B2B WEEE arising in 2012 (when the interviews were carried out).
The organisation which processed 3.2 million units estimated that they had a market share of 
10%; using the representative per unit mass from the B2C study they have a market share 
(by mass) of 15.2%24. The organisation which processed 120,000 units estimated that their 
market share was less than 1%; using the representative per unit mass from the B2C study 
they have a market share of 0.6%. The first organisation (3.2 million units per year) estimated 
that the largest 30% of organisations collected 70% of B2B WEEE arising, whereas the 
second organisation (120,000 units per year) suggested that these 30% collected 10-15%. 
The collector with the greatest market share, according to their contemporaries, was unwilling 
to provide their collection figures as they considered them commercially sensitive. Given that 
one organisation had a market share of 15.2%, using the representative per unit figures to 
scale information on units to mass, and that there is at least one organisation with a greater 
market share than them; the 10-15% estimate of units per year seems unlikely.
However, according to one interviewee, only 5-7.5% of all collecting organisations had more 
than 20 employees and there seemed to be consensus among the interviewees (based on 
financial reporting rather that knowledge of collection) that only 4-5 organisations had 
comparable market shares to the organisation which collected 3.5 million units. If they were 
comparable, these organisations would account for around 60% of B2B WEEE arising. This 
would leave the remaining 40% of B2B IT spread over 300-400 smaller organisations, of 
which 150 were 1-2 person operations with financial turnovers of less than £175,000. Using 
the representative per-unit mass above, this would suggest that on average, each
23 Keyboards, mice etc.
24 17,136t, n.b. 7,189t of WEEE were reported as collected under the WEEE Directive in the UK in 2008 Eurostat 
(2009). Waste electrical and electronical equipment, Data 2008.
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organisation in the smaller fraction collected between 21,101 and 28,136 units of B2B EEE 
per year (Figure 32).
Likely composition of the UK B2B WEEE market
Large recycler 
Large re-user 
Large re-user
■ . . . . . .     !
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Figure 32. Likely composition of the UK B2B WEEE market
The largest organisation interviewed (who would not discuss their collection figures), 
according to their peers, was primarily involved in recycling rather than reuse. As discussed 
earlier; to profit from sophisticated recycling requires economies of scale due to the extra 
processing costs. It is argued that this organisation must have a significantly greater market 
share than other large B2B WEEE collectors, as its nearest competitors prefer to reuse units 
when it is viable. This organisation did process for reuse, however only for large numbers (the 
participant did not want to speculate a precise figure) of standard equipment; suggesting that 
in the majority of cases recycling, in their operation, was the more profitable treatment route.
If B2B WEEE is to be accounted for at end-of-life, the market shares of collecting 
organisations need to be determined. The estimates provided here are the most 
comprehensive currently available for the UK, should a single organisation collect a large 
portion of the available used B2B EEE for recycling, with 3-4 large reuse focused 
organisations (which recycle financially unviable units) accounting for most of the rest; as is 
suggested then an approach to accounting for B2B WEEE that focuses on the largest players 
is required. It is critical the smaller organisations should not be left unregulated due to the 
potential environmental impacts, but an approach that targets the aggregation points in these 
smaller systems (the collectors and treaters) could be more successful than attempting to 
engage with each one directly (discussed further in 13.5.6).
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13.5.4 Incentives and barriers to actors
Figure 33 maps the factors driving material flows and influencing the value assessment 
between the reuse and recycling routes in the interviewed organisations. Collection and 
treatment practices were strongly influenced by the end users, and the concerns of these 
users regarding security and traceability dictated the collector’s practices. The quality, i.e. the 
model and brand, and the quantity of the used EEE units strongly influenced the decision to 
reuse or recycle. Large quantities of standard, relatively new, equipment could be easily 
resold and as such were likely to be reused. As noted earlier, competition for these streams is 
high (section 13.4.3). Conversely, mixed and small quantities of older non-functioning units 
would be almost impossible to resell and would be recycled. There is a trade-off between the 
potential profits to be made through resale and the costs of treatment, both the technical 
costs and the opportunity costs of the time invested in the treatment. It was also noted that 
there was a feedback loop to the user (shown in Figure 33); profit sharing from resale was 
described as standard industry practice and some customers approached the collectors with 
the specific motivation of reclaiming value from their redundant assets.
The intrinsic value of the materials in used EEE was highlighted as a possible driver of the 
increased number of collectors in the UK. Reuse, however, is the more profitable option, for 
those units where it is viable, and as such preferable. Should reuse not have been viable, the 
units are processed to recover value from the materials. The actors interviewed monitored the 
international markets for materials to decide where to sell each stream, Spain, India and 
Turkey were mentioned several times. In both the reuse and the recycling pathways, the 
extent of the dispersal of materials increases along the chain thus reducing the traceability of 
the used EEE.
Objective [b]; strategies for policy and reporting to improve B2B IT  equipment collection and 
treatment at end-of-life
The results of the interviews show an existing (if not widely documented), competitive, 
industry trading in used B2B IT equipment, which is not covered by current WEEE Directive 
reporting. Organisations collect and treat for reuse and recycling without process channels 
defined by legislation, as with B2C WEEE. As these are often private businesses, there is a 
focus on profit. The more attractive used EEE units are often treated for reuse by both large 
and small collectors and the larger collectors recycle. Some units flow into channels where 
the capacity to treat WEEE (as opposed to traditional metals recovery) is not financially 
viable, particularly those controlled by smaller scale actors. If, as the results suggest, the 4-5 
largest organisations do control a large proportion of the used EEE arising and smaller actors 
collect very little, less intervention would be required than if the reverse were true. As 
evidenced in the interviews, these large organisations treat with a structured and diligent 
approach and if they reported the quantities they treat to a central body then a large portion of 
used B2B EEE could be accounted for. The smaller channels are more fragmented, so to 
account for every steam would be a considerable task, so intervening at points of
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aggregation, such as a large collector, in the chain would be an efficient approach to 
engagement.
The used EEE does need to be accounted for and correctly treated at end-of-life. The fact 
that private organisations currently exploit used EEE for financial gain, however, does not 
automatically have negative implications in terms of the environmental and social impacts of 
WEEE. Providing that all used EEE, regardless of quality, can be accounted for and is treated 
to an acceptable standard, there is no sensible reason to interfere in the existing competitive 
collection and treatment industry. Should current actors be given a mechanism to declare 
their share of the market (to enable the assurance of adequate coverage in total) and treat to 
an acceptable standard, suitable collection and treatment networks for used B2B EEE could 
be in place already. A key recommendation to policy makers and especially the UK 
government, given that part of the research was based in the UK, is that this is the case and 
that these organisations should be engaged.
13.5.5 Strategy recommendations to account for used B2B EEE collected by large 
organisations
In light of the above findings, it is recommended that the collection rates of the largest 
collecting organisations are ratified by the UK enforcement agency for the WEEE Directive 
(Environment Agency). Some of these organisations already report data for the B2C WEEE 
they collect and treat; simple mass data would be sufficient to determine an organisation’s 
total collection share from the sales figures provided by manufacturers for the annual WEEE 
Directive, so reporting to the same level as for B2C (which this approach would be) would be 
feasible. There could be resistance from the actors within the system, some of whom 
perceived details of their market share to be commercially sensitive. Also, one actor 
commented during their interview that there could be incentives for actors to submit incorrect 
collection figures, although this is true of B2C so it is reasonable to assume the requirement 
could be enforced via similar audits. Given that there is a small number of larger 
organisations, auditor verification of collection figures could be feasible. Also, should these 
data be anonymised then the actors may be less resistant. If the requirement to submit data is 
presented to the large B2B collectors as an intervention to ensure collective targets for the 
WEEE Directive are met, rather than to interfere in their businesses (providing that there is no 
legitimate reason to do so), then it could be more acceptable.
While this is a market based approach to estimating WEEE arising, the application of which is 
criticised for B2C in chapter 2 (section 9.5), it is argued that the situation is different for B2B. 
There are fewer than 10 large collectors of B2B WEEE in the UK, which could account for 
more than 60% of the material put on the market; whereas there are hundreds of collection 
points for B2C which only cover 30%. The main criticism of the market based approach for 
B2C regulation was that the assumed composition of the waste stream (in terms of unit types 
and brands) was not an actual reflection of arisings (see chapter 2, section 9.5). Due to the 
competitive and less fragmented nature of large B2B collectors, it is argued that a market
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based approach would be sufficiently reflective in this case. The threshold for what constitutes 
a large collector could be determined financially, there are a number of existing laws and 
requirements (non-WEEE) which only obligate businesses of a certain size (defined in terms 
of turnover) to comply; with for example long form quarterly financial declarations (Companies 
House 2012).
13.5.6 Strategy recommendations to account for used B2B EEE collected by small 
organisations
Smaller actors control 40% of the used EEE arising and, regardless of the size of this fraction, 
the units that they do collect need to be treated correctly. While all the interviewees 
recognised an increase in the number of smaller actors in recent years, two discussed how 
this affected the competition for collecting used EEE from very different positions. The first 
organisation viewed them as direct competitors and noted that an organisation similar to 
themselves had gone out of business as a direct result of the increased competition. The 
second viewed them as marginal actors of little significance to their operation (see section 
13.4.2). The first organisation collected 120,000 units a year and was focussed on reuse, the 
second was one of the 4-5 actors with a financial turnover greater than £1.5m per annum 
which also acted as a manufacturer compliance scheme for B2C WEEE. It is argued that this 
reflects a split in the market. There are the 4-5 large organisations with a large share of the 
EEE (more than 60% of that arising) that are unaffected by the apparent increase in 
competition due to their status and capacity. Then, there is the remainder which, based on the 
analysis above, could be 40% or less of what is sold (depending on the market share of the 
largest organisation). It is argued that the first organisation operates within this 40%, with the 
1-2 person operations as direct competitors, and this is why it perceives them to be a greater 
threat.
This smaller fraction of the used EEE arising is widely distributed, so accounting for it all could 
be a challenge; WEEE cascades into smaller streams as it moves through these networks. 
Some of the interviewees noted that the smallest organisations sold the units they collected, 
which were not financially viable for reuse, to traditional scrap metal brokers. This 
contravenes current regulations, so is therefore illegal, as these organisations do not have the 
capacity to treat WEEE properly. They do, however, represent a point of aggregation for the 
WEEE streams, so could be a feasible place in the system to intervene for regulation 
(currently there is none). If they could be monitored by the Environment Agency and 
encouraged to steer any WEEE that comes under their control into channels with the capacity 
to meet the appropriate treatment requirements and mechanisms for recording the flows, that 
which is dispersed through the smaller collecting organisations could then be properly 
accounted for. To make this a reality the penalties for illegal activity would need to be 
communicated to those at risk of regulatory non-compliance and some sort of incentive, like a 
profit share for the materials could be introduced; i.e. they receive a fixed % of the profit of the 
materials that they direct to the proper channels, which are funded by manufacturers.
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Objective [cj; Knowledge requirements to implement the suggested strategies
The above strategy requirements can be split into two themes; engagement with the larger 
collectors and accounting for the smaller ones. The market shares of the largest actors need 
to be determined in a fashion which accounts for the fact that this information is considered to 
be commercially sensitive. Also, there should also be intervention into the existing routes by 
which the smallest actors dispose of the units they collect which are financially unviable for 
reuse, i.e. traditional scrap metal dealers, to ensure that they are treated properly. Should 
these two recommendations be realised, a considerable volume of used B2B EEE could be 
accounted for; certainly (from the estimates made here) much more than is covered by 
current UK reporting for the WEEE Directive (managed by the UK Government Department 
for Business Innovation and Skills), ensuring that the collection targets and making this UK 
industry more transparent and more sustainable.
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13.6 Conclusions from the study of B2B WEEE
The goal of the study was to investigate B2B WEEE, a stream of WEEE not covered by the 
current, reported, system of collection and treatment (chapter 1, section 2). This study 
engaged with both the generators of B2B WEEE and the actors who collect it. It was 
highlighted from the outset that little B2B was reported as collected under the UK WEEE 
Directive requirements, which could, under the recast, put the UK Government in 
contravention with the WEEE Directive should the collection targets not be met. Closer 
inspection revealed that although little is reported this does not reflect the current situation, 
which is that there is a substantial amount of B2B WEEE that is collected and treated (most of 
that put on the market). There were two stages to the investigation, a survey of 455 asset 
managers from the UK, Germany and France on IT disposal behaviour (preceded by a pilot 
study), followed by six interviews with collection organisations in the UK (informed by a 
preliminary interview of a representative of a large collector).
The goal of the first stage of the study was to identify the end-of-life processes and develop 
generalisations to facilitate management and reporting for used B2B EEE. It was determined 
that B2B WEEE had a shorter residence time during the use phase than B2C: for B2B most 
units were between 3-4 years old, whereas studies showed that 78-79% of B2C units were 5- 
6 years or older (section 9.4). As such, many units could have another use phase; they could 
be attractive to actors looking to exploit the financial value this would impart. It was also 
concluded that most organisations disposed of their units through third parties, not affiliated 
with manufacturers or government, which has implications for both the regulation of, and the 
role of the manufacturer in, WEEE end-of-life.
The goals of the second stage of the study were to determine the nature and extent of the 
operations of organisations outside manufacturer affiliated networks and to recommend 
strategies for improving collection and treatment. A process map was developed of the routes 
by which used B2B EEE flows at end-of-use, as was an overview of the actors within the UK 
system and an approximation of their share of the B2B WEEE arising (Figure 31 andFigure 
32). The study showed a competitive industry around B2B WEEE collection and treatment 
and highlighted two tiers of actors. It was concluded that a much larger volume of B2B WEEE 
could be accounted for by BIS and the Environment Agency by “engaging” directly with the 
larger actors, and providing a robust mechanism for accounting for smaller ones, than the 
amounts suggested by current reporting for the WEEE Directive. It was also concluded that 
reuse could be a more profitable option for end-of-use units than recycling and was the focus 
of many collecting organisations, and that some material was entering non-WEEE related 
material recovery networks.
These findings and conclusions have implications for the analytical Research Themes of the 
thesis (see chapter 1, section 3.2). By plotting some of the pathways not covered by the 
WEEE Directive reporting and discussing the quantities which flow through them; this 
research adds to the knowledge of the ‘waste landscape’ and highlights possibilities to
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intervene for regulation (section 13.5). The study shows an existing competitive industry 
around the collection of B2B WEEE, which is highly relevant to the ongoing discussion on the 
role of manufacturers in the end-of-life of their products by both academics and policy makers 
(chapter 1, section 4.4).
Manufacturers are not currently involved in this system, so have not been discussed in the 
analysis, however the implications of said non-involvement and their potential role are 
discussed extensively in chapter 4 (section 18). To take responsibility requires access to units 
which are currently being collected, treated and sold in a competitive industry. Not all units 
flowing through these channels are financially viable for reuse and some of the collectors lack 
the capacity to recycle properly, leading, in some cases, to disposal via routes which are 
expected to lead to inadequate treatment. Assigning responsibility in this situation is difficult 
as these actors distribute the WEEE into small illegal streams that are hard to engage with, 
which would make accounting for it more difficult. These themes of the role of the 
manufacturer and e-waste as a commodity are discussed further in chapter 4.
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Observations arising from the research in Chapters 2 and 3, analysis of the 
contribution of the thesis and the role of manufacturers in WEEE management
The research documented by this thesis was grouped into four themes in the opening 
chapter. Chapter 2 discussed household WEEE flows which are covered by current reporting 
under the WEEE Directive, the first theme, and chapter 3 explored business waste which is 
not, the second theme. In this final chapter the value of WEEE as a material resource, a 
subject which arose as a driver of behaviour in the studies documented in chapters 2 and 3, is 
discussed and the final two themes are addressed, which are analytical rather than empirical.
The third research theme is "alternative points for intervention and the additional knowledge 
required to do this”. Potential strategies to cover more of the waste stream in legislative 
reporting are identified, including data requirements, using the new knowledge of the WEEE 
landscape presented in this thesis. Opportunities for future research, particularly on WEEE 
streams that are not covered by this thesis are also discussed. The fourth research theme is 
the “the role of the manufacturer”. The feasibility of extending existing producer responsibility 
initiatives is discussed and the current role of manufacturers is considered in the context of 
sustainability.
Findings from the first two empirical research themes are summarised in the first half of this 
chapter (detailed analysis and comment have been recorded in preceding chapters). 
Recommendations for stakeholders and policy makers for collection, treatment and regulation 
are made in the second half.
15 Observations from the investigative research documented in 
Chapters 2 and 3
15.1 Study of WEEE streams currently accounted for through legislation: how does actual 
waste arising reflect the assumptions of legislation which are based on the EEE market?
This research culminated in a full study of the composition of household WEEE arising. Data 
were collected on product type, brand, the presence of a wheeled bin logo (to estimate the 
age) and product specific details relevant to treatment requirements from WEEE discarded by 
users at household waste sites. This research is fully documented in chapter 2.
Results showed that the composition of brands in the waste stream did not reflect the 
proportions of the current EEE market: a significant proportion of the units observed were not 
manufactured by the current market leaders. The research showed that the composition of 
WEEE types arising was subject to seasonal change and varied by location type (urban, 
suburban and rural). There were considerably more entertainment and small household
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products in the waste stream, compared with what might be expected by mass based on the 
EEE market, and fewer Large Domestic Appliances and small items of IT equipment such as 
mobile phones and laptops.
It was concluded that that the current approach to WEEE collection, which segregates 
product types into broad streams, is not conducive to reuse at end-of-life or treatment options 
that are specific for a particular type of unit, as the streams are too diverse and a prevalence 
of low value units, with no potential for reuse, dilutes the attractiveness of the waste stream 
for investors. It was also concluded, however, that few units for which these options could be 
applicable were disposed of through this route (the DCF to AATF B2C route, monitored by 
WEEE Directive reporting) anyway. The implications of the findings for producer responsibility 
were also discussed. The current approach to apportioning responsibility to producers did not 
reflect the WEEE actually arising, but it was concluded that it needed to be confirmed that this 
was actually a problem for sustainability before attempts to link the two are made. Direct 
financing, as opposed to that based on current market share, does not influence treatment 
practices, illegal leakage or low collection rates which are the key impacts to sustainability 
associated with WEEE. It could be argued that if manufacturers finance treatment operations 
directly, they could use this relationship to enforce high standards of treatment, but this is also 
the case if they finance indirectly. The high diversity of the brands and the age and quality of 
the WEEE in the waste stream could make attempts to differentiate the waste arising by 
manufacturer costly and difficult, these costs need to be considered in relation to any benefits 
mooted in regard to the impact on product design. This discussion is developed further in 
section 9.5.4.
15.2 Study of WEEE streams currently not accounted for through legislation
This research engaged with end-of-life equipment from non-household (B2B) users which is 
not covered by current reporting for the WEEE Directive. Initially, the users of B2B IT were 
engaged to discuss disposal practices when their units reached end-of-life. IT managers were 
surveyed in small SME, SME and large commercial organisations in the UK, Germany and 
France and there were 455 respondents. The second stage of this research engaged with the 
organisations which collected the B2B WEEE at end-of-life. Semi-structured interviews were 
used to discuss collection and treatment practices and to determine the scale of their 
operations in a study in the UK.
The first part of this research determined that 66% of B2B WEEE was between 3 and 4 years 
or older and that most organisations used a third party, not affiliated with a manufacturer of IT, 
for disposal. Recycling and reuse was shown to be common for B2B WEEE, in contrast with 
low reported collection figures for the WEEE Directive (see chapter 1, section 4.3.3.b).
The IT managers interviewed had very little visibility of the WEEE once it had left the site on 
which it was used. It was concluded that as the B2B IT equipment could have another use 
phase and had residual value at end-of-life, organisations were pro-actively intervening to
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acquire it. The second phase of the study engaged with collectors and revealed an extensive 
and competitive industry, based around the collection and treatment of B2B IT equipment. 
There were estimated to be 400 organisations collecting B2B WEEE in the UK, with 150 of 
these being 1-2 person operations and 20-30 with more than 20 employees. Following 
analysis, it was suggested that the largest 4-5 collectors accounted for 60% (by mass) of 
WEEE arising. The interviews also showed that the treatment method used for end-of-life IT 
units depended on the potential to recover value. Few models of IT units were financially 
viable for reuse, even if fully functional, the refurbishment and testing costs being too high to 
generate sufficient profit (section 13.4.7). Those that were not viable for reuse were sent for 
material recovery and it was speculated by interviewees that a proportion of the WEEE 
collected by the smallest organisations was being treated through scrap metal dealers, which 
is illegal.
16 Is WEEE a waste or a resource?
Some of the findings from the studies in chapters two and three and some of the literature 
and policy surrounding WEEE appear contradictory. Some findings indicate that WEEE is a 
potential material resource, with a significant financial value; attractive enough for 
organisations pro-actively to intervene and exploit it. Research into B2B collectors showed an 
established, and competitive, industry based on WEEE collection to exploit its financial value.
Similarly, there are organisations such as Envirophone that collect a specific type of 
consumer WEEE (in this case mobile phones) paying the user for access to the material, 
presumably to recover some of the value (Envirophone 2012). Conversely (as there is no pro­
active collector engaging the end user), greater than expected quantities of Entertainment 
and Small Household category WEEE were shown to be disposed of at local authority waste 
sites, where they are bulked for treatment. Household waste sites are an official treatment 
route for WEEE (under the WEEE Directive), so material taken there is not being discarded 
illegally; however the units arriving at these sites have reached end-of-use or end-of-life and 
no party has pro-actively intervened to reclaim value.
Also, the smallest collectors of B2B WEEE were suspected of disposing of some units, which 
they could not sell for reuse, through scrap metal dealers and larger collectors suspected that 
this was because it was not economic for them to use the proper treatment routes. Published 
literature shows evidence of the illegal abandonment of electronic waste from Europe in 
countries such as Ghana and Nigeria (Greenpeace 2009; BBC 2010). It seems 
counterintuitive that a potential resource should be abandoned, materials are crudely 
extracted from the units but by parties that are independent to those engaged in illegal 
disposal which leads to the question; why does it happen at all?
While the potential value of WEEE from a materials perspective has been discussed widely 
(Zhang and Forssberg 1999; Cui and Forssberg 2003; Agarwal 2005), reuse was shown to be 
the most profitable option for the units where it was possible during the study of UK B2B IT
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managers. Whether or not a unit was viable for reuse depended on the likelihood of its sale 
and the costs of its treatment (compared to potential resale value). This process of evaluation 
was shown to be highly sensitive to change, reviewed on a daily basis (in several of the 
organisations interviewed) and many, functional, units were not worth processing for reuse. 
The value assessment was shown to be market driven and the requirements of said market 
were highly specific and variable. Organisations do pro-actively collect certain units with the 
intention of reclaiming materials, so it would follow that the units they select are based on the 
potential market as well.
Dimitrakakis et al.(2009) carried out a survey of the material contents of WEEE arising. Their 
intention was to highlight which WEEE types contained the most hazardous metals, but they 
also produced the data in Table 13 that shows the materials as a proportion of unit weight 
(aggregated by WEEE category)25. Large Domestic Appliances contained the largest 
proportion of ferrous metals (category 1), there were fewer of these items observed than 
expected during the study of household WEEE in chapter 2 (section 9.4.1) (Dimitrakakis et al.
2009). This could be taken to indicate that a higher metals content of LDAs compared with 
other unit types made units more attractive and thus worth pro-actively intervening for a 
collection to exploit the value.
Table 13. Material composition for each category of the WEEE samples (%) 
(Dimitrakakis et al. 2009)
Material EEE Category
fraction
126 2 3 4 5 6 7 8 9 10 “11”
Ferrous metals 51.60 8.99 25.27 12.04 10.40 13.32 2.50 7.42 0.27 - 27.92
Non-
ferrous metals
2.89 8.22 0.09 1.08 - 2.69 0.23 8.12 - - 0.70
Plastics 9.85 40.70 27.49 28.17 24.19 9.18 83.60 29.27 76.62 69.48 34.26
Rubber 0.05 0.69 0.79 0.54 - 0.21 1.12 3.25 0.22 - 0.43
Cables 3.00 7.55 3.34 2.80 0.77 7.02 2.26 0.46 8.50 6.54
PWBs 0.08 0.52 10.17 6.77 0.92 3.84 22.44 4.33 0.72
25 It should be noted that PWB stands for Printed Wiring Board, a synonym for circuit board, and electronic 
components refers to items such as capacitors and loudspeakers
26 See chapter 2, section 8 for category names
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Material EEE Category
fraction
126 2 3 4 5 6 7 8 9 10 “11”
Electr(on)ic 28.16 18.41
components
4.45 38.48 64.64 66.11 3.92 : 20.09 -  1.48 13.78
“Bonded” ; 4.35 11.77 11.09 5.28 ; -  : 0.53 0.004 ; -  -  15.32 7.29
materials
Various -  2.53 14.03 3.00 -  0.04 1.91 31.84 -  -  3.33
Batteries : -  ’ 0.49 ; 2.63 1.74 -  0.53 -  -  0.33 5.04
LCDs : -  0.12 0.64 0.08 -  -  ; 0.09 -  -  0.56
Geyer and Blass (2010) explored the economics of mobile phone recycling in the UK and the 
USA and their findings indicated that, despite a high metals content, recycling did not finance 
the reverse logistics for collection. Collectors were focused on reuse, as it provided a 
sufficient profit margin to make the practice attractive and metals recycling was the secondary 
option for any remaining units. This finding is very similar to that for B2B IT units observed in 
chapter 3 (section 13.4).
These findings have implications for the discussion as to why a lower than expected mass of 
LDAs arose at household waste sites than might be expected based on the EEE market, 
bearing in mind that the reverse logistics for LDAs are different to those for mobile phones. 
Retailers of EEE are obliged to offer free take-back services for WEEE to their customers in 
the UK under the member state level interpretation of the WEEE Directive. Most choose to 
comply collectively through a compliance scheme called DTS (Valpak 2012). This gives them 
the right to direct their customers to their local DCF to dispose of their WEEE. The Dixons 
Group, a large national retailer of LDAs in the UK, offers direct take-back as part of their 
delivery service for new appliances (Rogerson 2009). It is argued that they offer direct take- 
back, rather than collectively through the DTS, as this approach is more financially beneficial 
to them (in some way). Their large market share could mean that their compliance costs in a 
collective scheme, where their costs would be proportionate to the units they sold, exceed 
those associated with providing a direct service; costs would be proportionate to the uptake of 
the take back service, they could control the relationship with the infrastructure for recycling 
and could even share in some of the value reclaimed during disposal. Also, they could be 
combining the forward logistics (i.e. delivery of the new product) with the reverse in the same 
round trip, which would reduce costs and make a significantly improved customer offer for 
large goods.
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The findings and observations above indicate that the economics of collecting WEEE for the 
recovery of materials, currently, do not make the practice an attractive proposition. The costs 
associated with the reverse logistics and the treatment apparently outweigh the value of the 
materials inside them (it is difficult to comment on units collected and treated illegally, but it is 
reasonable to assume that the drivers of costs and value are different for illegal collections). 
Employees at AATFs were observed stripping components from B2C WEEE during the pilot 
study, this practice was informal (i.e. unrelated to their jobs) and illegal. There is value in 
collecting for reuse, but only for specific models of unit and product types. Should the prices 
for the materials contained in WEEE increase sufficiently, the costs involved in the reverse 
logistics and treatment could be exceeded by the sale, and recycling could become a more 
attractive option, increasing the number of private organisations engaging in the practice.
This phenomena has been observed in the oil industry, as the price of oil rose; supplies which 
required a greater financial investment to access were exploited as the price justified the cost 
(Maley 2011). A similar trend emerged for the mining of rare earth elements, mines which 
were previously economically unviable were opened when commodity prices rose (Broadband 
2011).
At present, reuse, for some units, and informal stripping are the main approaches taken to 
exploiting the value of WEEE, through routes which are not monitored by the WEEE Directive. 
Some of these collectors and treaters recycle WEEE, but only those which cannot be reused 
and some send WEEE through traditional scrap metal recyclers.
17 Alternative points for intervention and the additional knowledge 
required
The research in this thesis was mapped on to a synthesis of the routes by which end-of-life 
WEEE could flow in chapter 1, the figure is repeated here as Figure 34.
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Figure 34. Positioning of research streams in the context of WEEE arising
Some areas on the map were not covered by in this thesis, including: [Figure 1, a] How much 
WEEE is actually generated (what is the system input); [b] how much Non-PRO collected 
WEEE enters a formal treatment network; [c] how much (and which) WEEE leaves a formal 
network before treatment; [d] how much (and which) WEEE leaves a formal network 
during/after treatment; [e] how much WEEE is exported, how much is reused locally 
(informally) or disposed of in UK landfill sites.
17.1 Accounting for the Household WEEE stream and alternative intervention
The findings from the first research theme indicated that not all WEEE flows through the 
Producer Responsibility Organisation controlled networks and that the composition of waste 
arising does not reflect the current EEE market. Data on the volume of material that does flow 
through DCFs is collected by the Environment Agency. These figures in the UK in 2011 for 
Hampshire were used to calculate the representativeness of a sample in chapter 2 (section 
9.2.3). This reporting does not include take-back through EEE retailers, although they will 
once the updated WEEE Directive is fully implemented.
Some do offer the service on their own premises in the UK, the Dixons group of retailers offer 
in store take-back. This service is free of charge and they offer free home collection when 
delivering a new product. Take-back through these routes could account for the missing 
Large Household Appliances and small IT equipment like laptop computers and mobile 
phones (attributed figures are not published). Organisations like Envirophone pro-actively 
collect mobile phones from consumers, paying them for their used EEE, and some high street 
retailers offer discounts on new products in exchange for used laptops (Rogerson 2009; 
Envirophone 2012).
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Following this discussion, intervening to report on retailer take-back routes makes sense, as 
WEEE is collected in these streams and there is a formalised network of shops, and will be 
included in the updated WEEE Directive. Once these data become available, it will be very 
useful to see the mix of products then accounted for by the reporting. It is unclear if the 
update to the WEEE Directive will oblige pro-active collectors of WEEE, such as Envirophone, 
to report on their collection. Should retailer reporting be included in reporting then more of the 
bulky and the very small WEEE could be accounted for. How much these data would raise 
the overall collection rates is unclear; many retailers comply through the collective compliance 
scheme, as mentioned earlier, so the WEEE which consumers could potentially return to 
these retailers would instead be collected at DCFs and so will be reported already. During the 
B2C study, 21-22% of the units arising had a WEEE mark on them so had been put on the 
market within the previous 5-6 years. The majority of units were older and many could have 
reached the waste stream sometime after they had reached end-of-use. This could indicate 
that the findings of Mayers and Cooper (2000) and Darby and Obara (2005) on residence 
time in the use phase being extended by storage and a lack of action on the part of the 
disposer are still true, 12 and 7 years after publication (respectively). It also suggests that 
there are no incentives for the disposers to change their behaviour.
17.2 Non-household WEEE stream
The research in chapter 327 showed a complex landscape of B2B WEEE flows with a greater 
rate of collection than indicated by the collection figures reported under the WEEE Directive. 
Recycling and refurbishment were reported to be widespread in the UK, Germany and 
France. Focussing on the UK, 4-5 large collectors could account for as much as 60% of B2B 
WEEE arising and there are up to 400 smaller ones collecting the rest. An industry is in place 
and should be considered as part of any legislative intervention to report on, improve or 
increase collections or to assign responsibility.
Intervention could be hindered by the large and decentralised network of collectors. There 
could be up to 400 organisations to collect data from, although it would appear that the 
majority of WEEE arising is collected by 4-5 organisations. These could be the primary point 
of intervention for B2B WEEE reporting, providing evidence in a similar fashion to AATFs for 
B2C. Should inclusion in the reporting depend on volume collected, there could be an 
incentive to collect a volume of WEEE which was marginally under a threshold which would 
undermine this approach. That said, the contrast observed between the volumes collected by 
the largest organisations (e.g. 3.5 million units a year), the medium sized organisations 
(100,000 units a year) and the smallest, two person, organisations (figures not collected, but 
realistically much smaller than 100,000 units per year) would make the differentiation for data 
collection based on volume, simple. As noted in chapter 3 (section 13.5.6), while traditional 
scrap metal recycling routes are illegal for WEEE, a possible solution could be to engage with
27 which will be published by the EU ZeroWIN project
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these actors directly. They could be encouraged to report and direct the units which require 
specialist treatments, including cooling appliances and CRT televisions/displays, into the 
correct channels (see section 13.5.6 for suggestions for incentives).
17.3 Illegal leakage of WEEE
The illegal export and dumping of WEEE is of great concern and the impacts to environmental 
and social sustainability are manifold and have received attention from NGOs and media 
organisations. WEEE can contain highly toxic chemicals, with severe impacts to human 
health and contaminating land where it is improperly treated and stored. These impacts have 
been particularly acute in Ghana, Nigeria and India (Greenpeace 2009; BBC 2010; Puckett
2010). The volume of units through these routes will account for some of the shortfall between 
that put on the market and collected. If the motivations of the actors involved in this practice 
could be identified (presumably profit, or at least the illusion of profit, but where this profit 
might be generated), intervention to stop the practice could be better targeted. The findings 
from this thesis surrounding the financial incentives and barriers to WEEE collection are 
relevant to this issue.
Manufacturers finance a system for collection and treatment in Europe collectively and 
domestic users of EEE can dispose of their units for free. There are a number of collectors of 
B2B WEEE and these organisations that will accept units so that they can reclaim some of 
the value. As such, it is argued that the actors which direct WEEE into illegal streams are not 
simply looking for free and easy waste disposal; other free options exist which are simpler 
and they are actually looking to reclaim value. These actors could be looking to reclaim value 
from the materials but, as was observed in the B2B study and during the analysis of the B2C 
study, the profitability of this is very sensitive to associated logistical and treatment costs and 
the end market for materials. The logistical costs of shipping these units to the common 
locations would probably be high, especially as they would need to avoid regulators as the 
practice is illegal, so it seems unlikely that such an endeavour would be profitable.
The practice has been extensively and credibly documented, so there must be a financial 
incentive attached to illegal export. This could be a stream intended for reuse, being 
transported to a market with less stringent standards as to which unit types and models are 
financially viable than where they are exported from. When they reach their destination, some 
of these units could have been damaged during transport, or have been non-functional to 
begin with, or have no end market and so are dumped without the attendant regulations and 
costs for the end user in the country of origin. Actors could be gathering units planning to 
extract the materials only to meet the financial barriers associated with the practice mentioned 
earlier, leaving them with no option (returning the units to legitimate streams following 
diversion could be unattractive) but to dump them. Informal material extraction of this dumped 
WEEE has been documented, but the people involved were doing so opportunistically and 
were not associated with those carrying out the dumping as noted earlier (Greenpeace 2009; 
BBC 2010; Puckett 2010).
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17.4 Future research requirements
This research identified some of the routes for WEEE at end-of-life which are unaccounted for 
by current legislation, particularly for B2B, and has highlighted some of the incentives and 
barriers for these flows. It is critical to understand both the routes and the barriers and 
incentives for management when looking to intervene to regulate. These routes exist for a 
reason and if a policy maker or legislator is looking to promote or prevent one of these 
options, then to be successful they need to know what that is. Potential motivations for illegal 
leakage have been proposed by this thesis, but further work in this area needs to be carried 
out to understand why there are actors engaged in the practice. It is counterintuitive that this 
is a waste management issue, as there are free options at end-of-life. Regulators need to 
challenge the profitability, or perceived profitability, associated with this route. To do so, 
research needs to focus on how profit can be generated from illegal export, or a cost 
differential more favourable to domestic disposal, and who might benefit from such activities.
Once data are available from retailers on the units that they receive through their take-back 
schemes, the total volume accounted for through these new routes needs to be compared 
with the EEE market with care. As was shown during the B2C research, much of the WEEE in 
the B2C stream was at least 4-5 years old so any comparison should be made with historical 
market data instead. WEEE reporting has been implemented in all EU member states since 
2007, so historical market data has been collated into a comparable format to that on waste 
arising for 5 years (as of 2012). By the time this reporting becomes available, there could be 
sufficient historical data to match waste arising to market data with a better link to its age. 
Using historical profiles for each WEEE category (i.e. if the majority of the waste is from 2007 
then market share would be x, from 2008 then y), a more accurate discussion can be had on 
how much of the system input escapes into the collection channels which are not monitored 
by the WEEE Directive. Ultimately, this approach could be used to give a more accurate 
assessment of how much WEEE is actually collected.
If there are still gaps in the legislation then investigations could be made by product category, 
the lowest level of aggregation in the data collected for legislation. As was found in the B2C 
research, it is difficult to assess the age of WEEE arising in the waste stream (see chapter 2, 
section 8.4); the presence or absence of the wheeled bin logo (+/- 2003) is the only universal 
indicator of age. While a crude measure, it is more accurate than the current approach which 
uses market data from the previous two years; this inadequacy is discussed further in section 
18.2.1.
18 The role of the manufacturer in the collection and treatment of WEEE
Throughout the previous discussions in this chapter of the current and future management of 
e-waste, its potential profitability and the routes for its dispersal at end-of-life, the role of the 
manufacturer has been left out. This has been deliberate, not from a lack of importance as 
there is a moral obligation for the party which benefits from the sale of products to finance any
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sustainability impacts from waste. This concept is codified through the policy principle of 
Extended Producer Responsibility and its use in global policy in a number of sectors (e.g. 
automotive, paint, batteries, packaging, WEEE) is a reflection of how effective and valuable it 
is. It has been left out of the discussions until now as much of the existing published literature 
on how best to implement producer responsibility for WEEE has focussed on the WEEE 
Directive and Individual Producer Responsibility, with a focus on giving manufacturers direct 
access to the material (see chapter 1, section 4.4). This is logical, the WEEE Directive is the 
legal framework which regulates the collection and treatment of WEEE in the EU and IPR is 
part of that legislation. Implementing IPR is included in WEEE collection and treatment 
strategies at member state levels, the UK Government department BIS published their review 
on a number of approaches in 2012 as an example (Calliafas et al. 2012). This review 
documented several potential approaches, concluding with multiple options for the UK 
Government to adopt method of financing that was more representative of recycling costs, but 
none of these would influence collection rates or ensure effective treatment as the focus was 
purely on pricing and incentivising design, with no focus on end of life processes.
The contribution of this work has been to examine the current flows of EEE, to identify what 
governs them and discuss where the incentives for, and barriers to, intervention might be. 
The thesis maps out the current landscape of WEEE collection and governance, putting aside 
the conceptual framework of the WEEE Directive and IPR, which could influence the 
outcomes and limit the possible recommendations and divorce the narrative from practice. 
The following section will discuss what the role of the manufacturer should be, in the spirit of 
EPR, given the contribution of this research to knowledge of WEEE flows and incentives and 
barriers to collection and treatment. The goal should be that all WEEE is accounted for at 
end-of-life, the impact of disposal on the environment is minimal, and the correct party has the 
cost attributed to them.
18.1 Is it desirable to directly link manufacturers with their end-of-life products?
18.1.1 Is it in the interest of manufacturers to be directly linked to their products?
The goal of EPR is to link manufacturers to the entire lifecycle of their products, holding them 
accountable and arguing that this will incentivise behaviour that is desirable for sustainability. 
Under the WEEE Directive this has been manifested as a financial obligation, whereby 
manufacturers pay for the treatment of end-of-life WEEE linked to their market share. This 
obligation is, in effect a tax, a mandatory charge scaled to current success for parties wishing 
to sell EEE units in Europe. Manufacturers have the option to fulfil their obligation by setting 
up a direct route for WEEE to be returned to them, but all in the EU have chosen to comply 
through collective compliance schemes where consumers dispose of items at municipally 
controlled DCFs (European Parliamentary Council 2003; van Rossem 2008). They have 
chosen to make a financial payment, the ‘tax’, rather than have direct access to the returning 
stream. Academics and policy makers have mooted the potential benefits or incentives
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attached to giving manufacturers direct access to the waste stream, but they have had the 
option to do so since 2003 and none have chosen to take it. This very fact suggests that the 
assertions of many policy makers and academics regarding IPR are incorrect for WEEE. In 
the opening chapter (section 4.4.2.a), it was argued that the incentives IPR would supposedly 
give to manufacturers to design their products for end-of-life were not, in fact, attractive. 
When the overall costs of an EEE unit to the manufacturer are examined, end-of-life is not 
particularly significant when compared with some of the others, such as logistics (chapter 1, 
section 4.4.2.a). Design changes do not occur independently, there are competing factors to 
consider when designing a product and some of these could provide a greater and more 
immediate financial return than reduced end-of-life costs. Also, as this research has shown, 
the costs involved in the reverse logistics and treatment of end-of-life EEE for materials can 
make the financial incentives of reclaiming materials not worth the investment of extraction 
(chapter 1 sections 4.2.2, 4.4 and chapter 3 section 9.5.3).
While manufacturers could save costs associated with using virgin materials to make their 
products if they had access to the materials in the waste stream, these savings could be 
mitigated by the costs associated with extraction and processing. This research was set 
within the scope of countries subject to the WEEE Directive, the waste and systems for 
managing it are based in Europe but most electronic goods are manufactured in Asia 
(Delattre et al. 2003). The costs of shipping the materials would significantly impact upon the 
financial viability of such a scheme.
18.1.2 Do policy makers want manufacturers to be directly linked to their products?
As noted earlier, the WEEE Directive is currently being revised, IPR is still a clause in the 
proposed text with a near identical wording to that in the original (European Parliamentary 
Council 2003; European Commission 2008c). IPR has not been implemented since it was 
included in the first version of the WEEE Directive and there is no reason to believe that it 
could be realised with an unchanged approach in the second. To remove it entirely could be 
seen as controversial; in the author’s anecdotal experience a number of interested parties 
argued for the inclusion of IPR in the original WEEE Directive, including manufacturers and 
policy makers. Should the authors of the updated WEEE Directive have decided that the 
principle was no longer a priority, leaving the clause unchanged, knowing that it was unlikely 
to ever be manifest, could be an approach to moving on from IPR that required little effort as it 
would not provoke objection from stakeholders.
18.1.3 Is it in the interests of sustainability for manufacturers to be directly linked their 
products?
Legislation in this area should focus on ensuring that all WEEE arising is accounted for; 
clearly, IPR as implemented by WEEE does not address this. IPR is a method of dividing the 
costs associated with the waste that is reported through current collection streams, but does 
not include strategies to collect or account for more. While the motivation behind IPR is that it
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will encourage more sustainable design, it has been argued in the thesis that this is not the 
case (see 18.1.1). Following on from this argument, it is proposed that implementing IPR 
would do little to improve the sustainability of WEEE collection and treatment (there are social 
as well as environmental impacts associated with improper WEEE disposal).
It could be argued that replacing the virgin materials in EEE with that reclaimed from WEEE 
would reduce the associated impacts of material extraction. But WEEE in Europe does not 
arise where EEE is manufactured. It is also argued that it would be better if reclaimed 
resources which arose closer to the manufacturing base (e.g. Asia) were used in the 
upstream supply chain for EEE. The second best option in the waste hierarchy is reuse (with 
the first being waste avoidance), the activity which is the most attractive to the pro-active 
collectors of WEEE who are not affiliated with manufacturers or municipal authorities. This is 
a preferable option, according to the waste hierarchy, instead of manufacturers recycling the 
materials which are collected in Europe to include in their supply chains in Asia (Finnveden et 
al. 2005). It should be noted that recycled materials should continue to be produced, but for 
applications in the UK and EU, and only if reuse is not viable.
18.2 How should producer responsibility be realised?
The preceding section discussed where producer responsibility should not be focused; it 
follows that the discussion should now turn to where it should. The sustainability impacts from 
WEEE arising are associated with incorrect disposal and a short lifetime and the current 
approach to regulation does not cover all of the potential routes at end-of-life. Manufacturers 
currently have a role in financing the B2C WEEE which is disposed of through municipal 
waste sites with the streams containing hazardous materials separated and treated correctly. 
Ideally this practice should continue, even if there are changes to the legislation or the design 
of predominant types of unit put on the market. The B2C research showed that a large 
fraction of WEEE arising is historical waste (i.e. put on the market before the WEEE Directive 
was introduced) the residence time in the use phase for household WEEE is often at least 5 
years. Product types which had been phased out were shown to persist in the waste stream, 
and in an ideal situation, the manufacturers that sold them should be responsible for treating 
the WEEE as it arises. Implementing a direct link between a manufacturer and waste arising 
is impractical, as the organisation that put the unit on the market could no longer exist. Taking 
the view that WEEE compliance is a tax, the impractically does not exist. The WEEE that 
currently arises is treated and the parties which want to trade in Europe pay the tax which 
covers the cost. Compliance costs would still be dictated by the cost of recycling (operational 
costs) and the value of materials (revenues), so market efficiencies arising from competition 
between recyclers and compliance schemes would be maintained.
Once the statistics on retailer take-back rates become available, the volume of household 
WEEE that is not accounted for will become clearer. For household users of EEE, there are 
free options for them to dispose of their WEEE through these routes, so there is no reason for 
them to dispose of their units elsewhere, unless someone is offering them some form of
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incentive or the disposer is not aware of their options. In cases such as this, the party offering 
the incentive should then be given a degree of responsibility proportionate to their impact, in 
line with the principle that the party benefiting from waste generation should contribute to its 
management. Household users should have a responsibility to use the options which are 
provided to them, in addition to the current manufacturer responsibility to educate and 
communicate to them what these options are. It is recommended that the impact of current 
communications initiatives be investigated as it is reasonable to assume that some 
householder inaction is due to a lack of information. WEEE that is illegally disposed of is the 
responsibility of the government in the member state and if a party breaks a law they should 
be prosecuted. Manufacturers should cooperate with governments if they have visibility of 
illegal or unsustainable activity, to assist in providing information on the parties responsible 
and to understand what drives their behaviour (see section 17.3) (Peagam et al. 2013).
The findings documented in chapter 3 and Peagam et al. 2013 infer that there are 
organisations voluntarily (i.e. not mandated under the WEEE Directive) collecting the majority 
of existing WEEE. These organisations prefer reuse as it is more profitable, but for those units 
where this is not viable the materials are fed into a new supply chain through the materials 
markets. The producers’ extended responsibility in this case should be to develop treatment 
standards or partnerships with those organisations that have a use for the potential 
commodity in their existing business model. Reusers, recyclers and collectors should receive 
support from manufacturers; providing product specifications, spare parts, specialist training, 
instructions for disassembly, itemised composition analysis for materials and components, 
and the manufacturers could also have a role in steering materials to these organisations and 
finding markets for the outputs. This practical support, as well as the credibility to potential 
partners or customers lent by the manufacturer’s involvement, would add significant value for 
reusers, recyclers and collectors by improving their processes and building their technical 
capacity.
The approaches above suggest that a producer’s responsibility at end-of-life should be to 
provide disposers with information, to support partners in the end-of-life EEE supply chain 
and policy makers with treatment standards and to fund the treatment of WEEE which is not 
legitimately diverted and exploited through the producer responsibility ‘tax’. They also have a 
responsibility to design for environment in their upstream supply chain, which is already 
regulated in the EU through the Ecodesign for Energy Related Products (ErP) legislation 
(Nash 2009). Legislation such as this guarantees behaviour change rather than incentivises it, 
with positive outcomes for sustainability much more likely.
18.2.1 Accounting for WEEE and targets for collection
The current approach to estimating the WEEE that arises is based on the EEE market in the 
previous two years. This approach was shown to be unsuitable in section 17.4 and a 
methodology to better reflect the WEEE that might be arising was proposed. It is argued that 
using historical EEE market data more appropriate to the age of units arising would give a
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more representative estimate of the proportion of potential WEEE that is collected. It is critical 
to sustainability that all of the WEEE that arises is treated correctly, so using the current 
market data to apportion the producer responsibility ‘tax’ could be a way to do this. It would 
still be useful to understand how much WEEE is likely to be arising to set accurate targets, 
but it would be more cost efficient to decouple this from financing, as there would be 
considerably fewer administration costs. Two approaches are proposed for accounting; (1) 
using historical data to estimate the total mass of WEEE that arises (as it is more relevant) to 
set collection targets, (2) using current market data to apportion responsibility to 
manufacturers as it solves the problems of orphan WEEE, decoupled from the historical. One 
could argue that this approach is unfair to manufacturers, as they are forced to be liable for 
units which they did not put on the market; the burden of treatment for the units that they 
currently sell could fall to other producers in the future, but this is the approach that 
manufacturers have collectively chosen since the introduction of the WEEE Directive in 2003.
For some units, particularly for B2B IT, there are independent organisations that pro-actively 
intervene to collect end-of-use units preferring to reuse where viable. Setting collection 
targets where data are collected from a single treatment route (i.e. that which flows through 
municipally controlled DCFs), such as those proposed in the recast WEEE Directive, is a 
flawed approach as it misses the other legitimate options for WEEE at end-of-life which 
include some of the apparent shortfall, circa 60% in the UK (BIS 2012). The collection targets 
in the WEEE recast will be based on current, or recent, EEE sales (x - 2 years) rather than 
those when most of the units in the waste stream were sold, so the targets will be inaccurate. 
This inaccuracy could result to a target that is unreachable or not challenging enough; 65% of 
that sold would not be an equivalent tonnage to 65% actually arising due to changes in typical 
product weight and sales volume. It is therefore proposed that a target of 65% x-6yrs put on 
the market be used to set the target, as this is a more likely indicator of a risings. This should 
be cross referred with actual a risings data from AATFs (not all legitimate treaters of WEEE 
report data), with a mechanism to refine the targets should the incomplete actual data (from 
AATFs) be incongruous with the complete likely data (from the market x-6yrs). It is self- 
defeating for policy makers to set collection targets when the current approach to reporting 
does not cover all of the current, legitimate, routes for WEEE. It is recommended that 
engagement in these routes to promote good practice, which should be the responsibility of 
both manufacturers and legislative bodies (as outlined above), should be the focus of policy. 
Industry engagement should be a priority for policy makers and manufacturers, to ensure that 
all the routes for end-of-life EEE are known and the responsible parties are engaging with 
them as discussed in Peagam et al (2013) and the HP ZeroWIN case studies (2012) (see 
section 17.4) maximising the value of the units arising responsibly should be their priority 
rather than simply meeting a target.
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19 Recommendations from the study and next steps
Following on from these conclusions, it is apparent that there are key gaps in the literature, 
actions that policy makers could consider to make the collection and treatment of WEEE more 
effective and approaches that manufacturers could incorporate into their operations to 
improve their producer responsibility. A discussion of these is presented, by stakeholder 
group (i.e. policy, academic and industry) in the following section.
19.1 Policy
It is recommended that policy makers modify their approach to accounting for the collection 
and treatment of WEEE, to include those networks that are not covered by existing 
interventions to report (i.e. those under the WEEE Directive). This would involve more 
reporting on a range of operation types, rather than one which is currently the norm, and 
should seek to encourage legitimate networks, particularly those that are focused on reuse, 
and to understand why those which result in environmental damage exist and stop them. 
These approaches should factor in the sensitivity of the value of WEEE and seek to promote 
EPR.
Specifically, this could be achieved by building on existing practice and reporting systems and 
incorporating sources of data that are soon to become available. Once the data on take-back 
through retailers are available, the mass balanced inspired methodology discussed in section
18.2.1 could be implemented, for example. This should be used to determine how much B2C 
WEEE is accounted for, using historical sales data (qualified with robust evidence pertaining 
to residence time), which is more appropriate to the types of units arising in the waste stream. 
Potential motivations for illegal export were proposed in section 17.3; understand the 
generators of profit, if there are any, and the parties benefiting should be explored and either 
confirmed or discounted in the interests of preventing the practice. There is an existing 
competitive market for B2B WEEE which should be encouraged via extending manufacturers 
responsibility to include cooperation, accounting for the market in regulations and providing 
the businesses involved with guidance on good practice. This market is beneficial to 
environmentally responsible WEEE collection and treatment, providing that standards of 
practice are adequate. By extending reporting to these organisations it would, as well as 
accounting for the units that they collect and treat, provide a platform to engage the 
organisations and provide a framework for which they can formalise their contribution to the 
sustainable management of WEEE.
The financial value attached to the reuse and recycling of WEEE was shown to be highly 
sensitive to a number of factors in the discussion sections of chapters 2 and 3. These factors 
should be considered in policy, both when thinking about why organisations might be 
motivated (or not) to collect and treat WEEE and when trying to encourage specific actors into 
behaviour that is considered more responsible at end-of-life.
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Extended Producer Responsibility should be at the centre of policy in this area, but in a broad 
sense, making manufacturers responsible for their entire product lifecycle to encourage 
behaviour that is considered to be more sustainable. There are many ways that this could be 
realised, including partnerships with organisations looking to extract value (reuse and 
material) from WEEE, informing users about correct disposal behaviour by better 
communication and waste avoidance through compliance with the EuP Directive. These 
would be in addition to financing the system for collection and treatment, i.e. the producer 
responsibility “tax”.
There is also extended responsibility required from member states to ensure that laws are 
enforced and that treatment standards, developed in consultation with manufacturers, are 
adhered to. The incentives and barriers to extracting value from WEEE identified in this thesis 
can support this; the motivation of the actor should be considered when looking to either 
promote or discourage a specific behaviour. Similarly, there is extended responsibility for the 
disposers of WEEE, to ensure that their end-of-life units enter the appropriate channels which 
are provided to them and this can be encouraged by both manufacturers and member states 
via communication and incentives. Finally, the actors that do choose to pro-actively extract 
value from WEEE should also be held responsible for their actions, many of which are 
legitimate and should be encouraged in the interests of environmental responsibility. The 
sensitivity of these actions to economic barriers and incentives should be considered when 
intervening.
19.2 Research
There are gaps in the knowledge which, if addressed, could support the interventions of policy 
makers and help to guide manufacturers to improve their EPR. There is existing practice 
which is apparently counterintuitive, such as a high capacity for the shredding of WEEE in the 
UK when a greater financial value can be achieved by reuse. By examining the specific 
impacts of different collection and treatment practices and developing innovative approaches 
for accounting for more of the existing collection networks, researchers could support policy 
makers in their efforts to monitor and regulate the collection and treatment of WEEE. Finally, 
as the WEEE Directive collection targets are increased and as collective stakeholders in 
WEEE management seek to improve the sustainability of the practice, a review of how 
existing infrastructure needs to be developed to meet the demands and aspirations of industry 
and policy in this area could provide a framework for advancement.
A study that explored the loss of financial value, assuming that there is one, in shredding 
WEEE, compared to reuse and the recovery of rare earths and components, could help to 
guide policy recommendations to industry. Such a study would need to factor in the 
economies of scale afforded by shredding and realistic revenues and profits for reuse and the 
sale of reclaimed rare earth elements in actual, current, markets; as opposed to the more 
hypothetical ones outlined in chapter 1 (4.3.4) which have been inflated. By evidencing the 
benefits of a more refined approach to capturing value, robust estimates of the potential
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market could be included in the business plans and commercial due diligence activities of 
new and developing businesses and infrastructure, making establishment more likely, and 
policy makers could engage industry from a more secure, defensible, position when 
advocating change.
As policy makers attempt to account for more of the WEEE that is collected and treated, it is 
likely that samples and estimates will be required to quantify the material that is collected and 
treated, both in a fashion deemed by policy makers and stakeholders to be acceptable but 
also in a fashion deemed unacceptable. In fact, there is a clause in the revised WEEE 
Directive for member states to submit so called “substantiated evidence” in their reporting, to 
supplement the data that they submit from the collections that they record in their entirety. 
There is a significant role for researchers in this area, by providing academic rigour, and the 
application of the proper statistical techniques, to the way that substantiated evidence is 
collected and communicated, initiatives can be made robust and defensible. In the case of 
substantiated evidence, it will be up to the European Commission to decide whether the 
methods used are appropriate and this regulating body can accept and reject the data that is 
based on samples or estimates at their own discretion. Should researchers with the 
appropriate skills be involved in a member states reporting, these estimates are more likely to 
be accepted by the European Commission and, more importantly, they are more likely to be 
accurate. Accuracy would be a benefit to the sustainability of WEEE collection, as it would 
help to legitimise the collection and treatment of WEEE that is allowable but unreported. 
Suitable candidates for the development of substantiated evidence include B2B IT equipment, 
such as that discussed in chapter 3 (section 13.5.5), as there is an extensive and active 
industry based around its collection and treatment and Large Domestic Appliances collected 
as part of the “Light Iron” waste stream processed by scrap yards. There is a significant mass 
of material treated legally and properly in this stream, but this is currently not reported.
As highlighted in chapter 1 (section 4 .3 .3 .C ), the operations of the infrastructure for treating 
WEEE is currently evolving, the financial imperatives that govern how value can be recovered 
are developing and the sector, either by design or through being forced by circumstance, is 
adapting.
The AATFs that recycle WEEE and are monitored by the WEEE Directive are restructuring 
because they cannot secure feedstock to meet their operating capacity, but ‘off the radar’, 
legitimate, businesses and infrastructure thrive. The AATFs may scale down to a collective 
capacity that they can sustain, but a new policy driver is coming, the recast WEEE Directive, 
which mandates collection targets of 45% (2016) and then 65% (2019) or 85% of WEEE 
generated which would require more capacity. For these targets to be met, the non AATF 
infrastructure needs to be recognised and investment needs to follow and develop the 
successful WEEE businesses in the UK. There is a significant role here for researchers from 
producer responsibility and industrial ecology backgrounds, as well as economists, to help 
develop an infrastructure for the treatment of WEEE that promotes environmental
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sustainability, reuse where viable, and one that can meet the new collection targets within the 
constraints of the financial pressures that the sector currently faces. A study of the 
infrastructure requirements, from a capacity and a technical perspective, as well as due 
diligence on the potential feedstock and the most realistic business models in the current 
economic climate, would be an invaluable tool for the industry.
19.3 Manufacturers
As well as policy makers and researchers, the conclusions and findings raised issues that 
could be addressed by manufactures. These recommendations range from tactical changes 
informed by the experience of gathering data to strategy development informed by the 
analysis of current practice and markets, with a view to improving sustainability in the 
collection and treatment of WEEE.
One of the barriers when gathering data from WEEE in the field was the difficulty in identifying 
key information from the units, it was very difficult to determine the age of a product, for 
example, aside from the arbitrary before/after the WEEE Directive indicator from the crossed 
out wheeled bin sticker. This is not just a barrier to theoretical composition analysis, but the 
profitability of reuse is highly sensitive to a number of factors pertaining to the quality of the 
unit in question, such as how old it is. If the age of a unit was easier to deduce, via a date of 
manufacture stamp on the existing product labelling, this could support reuse organisations 
when assessing viability and pricing. The labelling could provide further support to reuse 
organisations by directing them to product specific treatment standards or sources of spare 
parts. As an aside, the labelling could support the collection and segregation of WEEE from 
other waste streams by including consumer education messaging. It could contain simple 
messages that explicitly stated that the unit should not be disposed via the household waste, 
but should be directed to a DCF or a reuse organisation. It could even direct to a specific 
reuse organisation that partnered with the manufacturer. While this would involve a change in 
existing practice, some of the products observed from some manufacturers had date of 
manufacture stamps on them already (they were just observed infrequently and the practice 
was shown to be infrequent within organisations too), so a wider and more consistent roll out 
of the messaging could be feasible.
Partnerships between manufacturers and reuse and recycling organisations could be 
formalised, to enable the sharing of knowledge and to allow feedback between the two 
stakeholders. This could even be extended to the sharing of parts and components, as well 
as treatment standards and advice on design. Such relationships are not unprecedented in 
the technology industry, especially among manufacturers of EEE. Often, there is a formalised 
relationship between the manufacturers of units and the distributors, such as B2B brokers or 
retailers, or software developers and hardware suppliers; so called “channel partnerships”. By 
making this linkage, using the existing formalised approach of manufacturers and distributors 
as a model, the manufacturer, or producers, of products could extend their network of channel 
partners to include recyclers and reuse organisations cover cover the entire lifecycle of a unit.
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This network of partnerships would cover the whole circular economy supply chain, with a 
mechanism for information, or even materials and parts, to be shared. By having a formalised 
network, the flow of information could be more secure (partners could sign Non-Disclosure 
Agreements) and make manufacturers more confident when sharing their intellectual 
property. The reuse organisations could also have access, or make requests to be provided 
with, a greater range of more specific parts and components for repairs; guaranteed by the 
OEM, to produce a more saleable and dependable unit for reuse which would benefit the 
sustainability of the industry.
Finally, manufacturers are faced with a range or regulatory compliance issues that need to be 
included in their product stewardship programmes. The composition of the materials that they 
use is regulated by RoHS and REACH, the management of the units that they produce at 
end-of-life is regulated by the WEEE Directive and the way that they design the products is 
regulated by ErP (Chapter 1, section 4.3). By taking a holistic approach to these, for example 
ensuring that their ErP compliance activities also support reuse or high value material 
recovery which could form part of their end-of-life product stewardship, would make 
efficiencies and could improve performance. If this could be done in conjunction with channel 
partners, both in the distribution and then take back, recycling and reuse of their products, 
with as much information provided as possible to partners and consumers via formalised 
relationships and labelling, the networks and drivers (legislative and financial) for developing 
a more sustainable circular economy approach to EEE could already exist. It could be that 
with the correct messaging, relationships and programmes, the sustainability and economic 
benefits and a circular economy supply chain for EEE could be realised.
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Sample sheet for general tier of units (all)
Tier 1 Sampling
Tally count of all waste electronics
ample Date: Location:
Sheet #:
mall Mixed W EEE
ettles
icrowaves
mall (other) Kitchen Appliances
lectric Lawn mowers
ther electric gardening equip
lectric DIY Tools
ersonal care [including hair care]
acuum Cleaners
lectric Heaters
lectric powered Toys
isplays
slevision - CRT
slevision - Flat Screen
" and Comme
esktop PC
ntertainment [HI FI, DVD, VCR...]
ames Consoles
aptops
slephone - Mobile
slephone - House/Landline
rinter
ther IT Hardware
ither Electronics for Skips
Richard Peagam 159
Sa
m
pl
e 
sh
ee
t 
for
 d
et
ail
ed
 
tie
r 
of 
un
its
 
(s
el
ec
tiv
e)
0
0
CO
$
3
73
O
0)1
c
Q .
E
CO
CO
CM
0>
1
Q)
X )0£
O)
c
Q.
Eretn
■Q
0)
I
Q
c
g
Io
B
COQ
£2
0JZ
w
r 0
CO
LL
X
e  8
>,üj 
« 8
>i
Q  CO 
O <5
■5 I  > 6  
CO o
-§ £0  0  0
§ □  I
o
0
0 i ï
E <j x:
0  <  to 
0  0  0
s i 5
1 |
D- 0
i t
o  l l
M
O 0
g
-L  I  
<3 §
r-
8 
Q
CL
0
e
l
E
I
B
at
te
ry
?
(Li
 | 
NiC
d 
| 
NiM
H 
| L
i-io
n 
)
M
er
cu
ry
Fr
ee
?
E
co
la
be
l?
Pe
nt
an
e
or C
FC
?
W
he
el
ed
Bi
n
lo
go
?
B
ra
nd
D
es
cr
ip
tio
n 
(fr
om
 
lis
t 
ab
ov
e)
Ti
m
e
(2
4
hr
)
Sa
m
pl
e
ID Ric
ha
rd
 
Pe
ag
am
Appendices
Field identification guides for WEEE for sampling 
teams
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VEEE Mark: This label is put on 
a product ta show 
consumers it should 
be recycled. 
Introduced in 2003, 
it is critical to find 
out if one is present 
or not so we can 
tell if an item is pre 
or post regulation
It is supposed to be prominent on 
a product and is often near the 
CE mark on back or side labels 
e.g.
Laptop
Kettle (Embossed on plastic)
C*;..
a
Fridge
Pooling Gas 
ype:
: fc / h cfc
tFC (Pentane)
Gas Type Listed on 
the motor:
Label shows gas type info:
E K  C O ILS5 ON
Motor
Gases are listed by their R# Code
e.g. R600a
Or CFC #/HCFC# 
e.g. CFC 12
Chlorofluorocarbon 
Refrigerants (CFCs) + (HCFCs) 
CFC 12 
HCFC 22 
R 13B1
Hvdroflourocarbon 
Refrigerants fHFCs)
R170-ETHANE 
R290 -PROPANE 
R600 - n-BUTANE 
R6000 - ISOBUTANE 
R1270- PROPYLENE
If none of the above are on 
the label, please record the 
gas type which will be: 
CFC#/HCFC#/R#
icoLabel: 
i.g. Energy 
itar 
ipeat 
Hue Angel
Label put on 
products to show 
they meet certain 
environmental 
standards set by an 
independent body
ENERGY STAR
Set prominently on a product 
as a ‘selling point’
r vnwEinv6*
Some of the most common, 
please record name______
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/lercury Free: Label sometimes 
put on products to 
show they contain 
no mercury______
No standard, but will be 
prominent when looking for other 
marks
attery (Does 
have
>ne/them?):
i-ion
JiCad
JiMH
Li-Ion batteries: 
Mobile
phones/Laptops:
NiCad/NiMH batteries: 
AA/AAA/9v/etc. Includes 
rechargeables.
Often found in compartments like 
this:
If batteries not present (but 
compartment is) record 
NiCad/NiMH (batt not present)
Differentiate NiCad + NiMH 
by label:
1751 P anason ic
t ig  s  RECHARGEABLE BATTERY o
NiCad: NiCD
NiMH
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Kettle M icrowave Lawnmower Tools
u
9 #
Personal Care Vacuum Cleaner Electric Heater Toy
-
CRT Screen TV Flat Screen TV Desktop PC Entertainment
Games Console Laptop Printer
House/Mobile
Phone
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Online questionnaire for survey of IT managers
IT Manager Questionnaire
The following questionnaire would help support a larger study to better understand the flows of Waste Electronic 
and Electrical Equipment (WEEE). Greater knowledge of the practical challenges and logistical barriers to 
implementing effective e-waste management strategies could inform policy and be relevant to manufacturers. A 
better understanding of the routes by which business IT enters the waste stream would be invaluable to the study. 
As such your participation would be greatly appreciated and responses will be anonymised in any reports.
Definitions:
End-of-use] when an employee has finished using IT equipment, however said equipment is likely to be reused 
locally without refurbishment
End-of-life; when the company has finished using IT equipment, or an employee has finished using IT equipment 
which cannot be reused without refurbishment
IT Fleet General Details
1a How many employees does your company have based in the UK?
1-19
20-199
200-499
500+
1b How many of these use IT equipment?
0-24%
25-50%
51-75%
75-100%
1c How many of these use IT equipment daily?
0-24%
25-50%
51-75%
75-100%
1d How many employees have a dedicated computer (PC or laptop)?
0-24%
25-50%
51-75%
75-100%
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2. Replacement of IT Equipment
2a In your company is there a fixed replacement period for IT equipment or not?
Yes (if so please specify the time period)
No
Don’t know
2b In your company can IT equipment be replaced upon employee request or not?
Yes
No
Don’t know
2c What are the criteria for replacement? Please tick all that apply
Hardware upgrade 
Operating system upgrade 
System failure 
Employee promotion 
Changes to company policy 
Other (please specify)
The following questions will include the term “IT equipment”. This includes the following, although this is 
by no means exhaustive.
Centralised data processing
Main frames, Mini Computers, Printer Units
Personal Computing
Laptop Computers
Notebook Computers
Printers and copying equipment
Electrical and electronic type writers
Pocket and desk calculators
2d Could you estimate how many units of IT equipment reach end-of-life per year?
0-25 units
26-50 units 
51-100 units 
101-150 units 
151-200 units
201-250 units 
252-300 units 
300+ units
2e Could you estimate the average age of the IT equipment at end-of-life?
Up to 2 years
2-3 years
3-4 years 
years
More than 5 years
2f How often, if at all, is IT equipment transferred between employees at end-of-use?
Always
Most of the time 
Sometimes
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Hardly ever 
Never
2g Which of the following, if any, apply to transfers of IT equipment in your company? 
(Yes/No/Don’t know)
Transfers of IT equipment are recorded
Transfers of IT equipment are tracked
Transfers of IT equipment has to be approved by a central body
IT equipment is refurbished before being transferred to the next user
3. End of Life Unit Management
3a Whose responsibility is it to decide if a unit is at end-of-life?
Senior Manager 
IT Manager 
Line Manager 
Employee 
IT Technician 
Site Manager 
Administrative Staff 
Other (Please specify)
3b Who is responsible for the disposal of a unit at end-of-life?
The person who decides when a unit is at end-of-life 
Another person in the company 
The disposal of IT equipment at end-of-life is outsourced 
Other (please specify)
3c If disposal is outsourced is it through a specific party e.g. the supplier or a contractor or is there a 
more informal arrangement?
Through a supplier
Through a contractor
Through an informal arrangement
3d How far into the disposal process are units tracked for? Please select one of the following options
Until they leave the site 
When they reach a collection point 
When they reach a treatment facility 
Other (please specify)
3e Is it company policy to have IT equipment recycled or refurbished at end of life?
Recycled
Refurbished
Both methods are used, it depends on the equipment 
Neither method is used
3f Could you estimate the proportion of end of life IT equipment that is recycled or refurbished?
0- 10%
11-20%
21-30%
31-40%
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41-50%
51-60%
61-70%
71-80%
81-90%
91-100%
3g Please indicate which of the following statements, if any, apply to your IT units?
All units are marked with the company logo and details /
Logos and details are always removed from units prior to disposal 
Logos and details are sometimes removed from units prior to disposal 
Logos and details are never removed from units prior to disposal
3h Is refurbished IT equipment donated to charities, or not?
Always
Most of the time 
Sometimes 
Hardly ever 
Not at all
3i In general, which one of the following happens to equipment once it is donated?
The equipment leaves the country 
The equipment stays in the country 
Don’t know
4. Maintenance
4a Is the maintenance of IT equipment conducted in house or is it outsourced?
Inhouse
Outsourced
A mixture of inhouse and outsourced maintenance 
Don’t know
4b Which of the following best describes the process your company has for requesting IT maintenance
Adhoc system (an employee calls in IT maintenance when they need it)
A ticketing system is in place
Requests for maintenance have to go through Managers before they reach Maintenance support 
The company takes an informal approach to IT maintenance, using a mixture of methods 
Maintenance requirements are discussed and processed in formal team meetings 
Other (please specify)
5. IT Management Policy
5a Does the IT management policy feature explicitly in the Environmental Management System or 
equivalent?
Yes
No
Don’t know
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5b Are end of life IT management policy decisions made at a corporate, regional, country or site level? 
Please select one of the following options
Corporate
Regional
Country
Site
Other (please specify)
Contact Details
Richard Peagam MSc (DIC)
Centre for Environmental Strategy (D3)
University of Surrey 
Guildford 
GU2 7XH
T: +44(0)7866 522420
E: r.peaqam@surrev.ac.uk
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Full results from survey of IT managers
1.1 Results
1.1.1 Profile of IT  use in the survey organisations
Non-parametric statistical testing showed that there was a significant difference in the 
responses to a question on the proportion of the workforce using IT between the countries [p
0.000]), but not the organisation sizes [p 0.292]. The responses were categorical ranges. In 
the majority [60%+] of UK and French respondents in all size categories; 75-100% of 
employees used IT equipment and no other proportion of employees category was greater 
than 20%. In all three organisation sizes of the German respondents, 75-100% was also the 
largest response category; however there was a greater spread across lower use categories. 
For example, in 43% of German small SMEs, 0-25% of employees used IT, and in 43%, 75- 
100% did (Table 1). Very similar data were collected on the number of employees using IT 
every day and those with a dedicated machine, so have not been displayed.
Table 1. Profile of IT use in each study country by organisation size
Hew many of your employees use IT equipment?
0-24% 25-50% 51-75% 75-100%
Row M % Row N % RowN % RowN %
UK 5ma3 SME 16 6 2 75
SME 6 16 12 62
Large 0 16 16 67
France SmaSSME 14 12 6 65
SME 6 16 16 61
Large 4 6 27 61
Germany S ithI  SME 43 6 8 43
SME 4 20 34 42
Large 6 18 24 52
1.1.2 Unit replacement and transfer
1.1.2.a Question to show whether IT  units were automatically replaced after a fixed period of 
time in the survey organisations
The survey organisations were asked if units were automatically replaced after a fixed period 
of time. Non-parametric statistical testing showed that there were significantly different 
responses between the countries [p 0.040] and the organisation sizes [p 0.000], In the UK, 
the majority of organisations in all size categories said that there was not a fixed replacement 
period for IT, the minority alternative ‘there is a fixed replacement period for IT  and ‘don’t 
know’ responses were more common in the large and SME categories. The majority of
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French small SMEs did not have fixed replacement periods [70%], however the majority of 
SMEs and large organisations did [47%; 51%, respectively]. In Germany the majority of 
organisations in all size categories said that equipment replacement periods were not fixed, 
the minority alternative ‘there is a fixed replacement period for IT  and ‘don’t know’ responses 
were more common in the large organisations.
1.1.2.b Question to show whether or not employees could request equipment replacement in 
the survey organisations 
The survey organisations were asked if employees could request equipment replacement 
Table 2. The non-parametric statistical testing showed that there were significantly different 
responses between the countries [p 0.032] and the organisation sizes [p 0.029]. In all survey 
countries and organisation sizes, the majority of respondents said that employees could 
request equipment replacement. In France, more of the organisations said that equipment 
could not be replaced on employee request than in the UK and Germany (although it was not 
the majority French response). There were more ‘don’t know’ responses in the UK and 
Germany, than in France.
Table 2. Data collected on unit replacement practice within the survey organisations
is there a fixed replacement period for IT 
equipment?
Can IT eq-xpment be replaced upon employee 
request?
No Don't know Yes Yes No Don't know
Row N % Row N % Row N % Row N % Row N % Row N %
UK Small SME 73 16 12 51 29 20
SME 55 20 24 64 25 10
Large 41 31 27 43 35 22
France Smaü SME 70 12 16 52 40 8
SME 41 12 47 67 31 2
Large 25 24 51 55 39 6
Germany SmaSSME 69 20 12 57 25 18
SME 70 10 20 66 26 6
Large 42 20 36 76 14 10
The most common motivations for unit replacement were hardware upgrades, system failure 
and operating system replacements. The data presented by count (out of 50) can be seen in 
Table 3.
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Table 3. Data collected on the criteria for unit replacement in the survey organisations
wnat are me criteria tor unit replacement?
UK France Gemnany
Small SME SME Large Small SME SME Large Small SME SME Large
Count Count Count Count Count Count Count Count Count
1. Hardware upgrade 3D 40 40 34 44 41 35 38 42
2. Operating system 
upgrade
27 32 30 22 27 29 27 28 31
3. System failure 40 41 40 32 31 39 30 31 39
4. Employée promotion 6 fi 9 2 7 8 6 7 15
5. Changes to company 
policy
12 8 14 10 10 11 13 15 22
8. Other (please specify) 4 g 1 4 1 2 4 2 4
1.1.2.c Questions to show how frequently units were transferred between employees at end- 
of-use in the survey organisations
The organisations were also asked how frequently units were transferred between employees 
at end-of-use in the survey organisations (Table 4). The non-parametric statistical testing 
showed there were significantly different responses between the organisation sizes [p 0.013], 
but not the countries [p 0.580]. The most common response in all country and size categories 
was ‘sometimes’ except in UK small SMEs in which it was ‘never’ [35.3% for never compared 
with 31.4% for ‘sometimes’].
Table 4. Frequency of transfers of IT equipment between employees in the 
survey organisations
How often. S at ah, s  IT equipment transferred between employees at end-of-use?
Most of She
Always time Sometimes Hardly ever Never
RowN" RowN ° i RowN % RowN% RowN %
UK Sma3 SME 2.0 15.7 31.4 15.7 353
SME SJ0 16.0 54.0 1B.0 4.0
Large 5.9 27J5 43.1 17.6 5.9
France SmaSSME 2.0 20.0 32.0 26.0 20.0
SME 9jB 21.6 29.4 333 5.9
Large 7jB 15.7 35.3 15.7 255
Germany Sms: SME 11j 8 10.6 47.1 5.9 15.7
SME 20 40.0 36.0 1BJ0 4.0
Large 6.0 20.0 36.0 24.0 14.0
1.1.2.d Questions on company practices relating to transfers of units between employees 
which could affect unit traceability throughout its use phase
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The non-parametric statistical testing showed that there were significant differences between 
the different country and organisation size category responses to all four sub-questions 
except between the countries for sub-question b [p 0.170] (Table 5).
Sub question a, recording unit transfers: In all three countries the majority of SME and large 
survey organisations did record the transfers of units but the majority of Small SMEs did not. 
In small SMEs in all countries ‘don’t know’ was also a common response [UK, 40.9%; FR, 
47.6%; DE, 58.8%]. 38% of the French SMEs and 36.4% of UK large organisations also 
responded ‘Don’t know’.
Sub question b, tracking unit transfers: In all three countries the majority of SME and large 
survey organisations tracked the transfers of units but the majority of Small SMEs did not. In 
small SMEs in all countries ‘don’t know’ was also a common response [UK, 41.7%; FR, 
52.4%; DE, 42.9%]. 37.5% of UK and 38.1% of French large organisations also responded 
‘Don’t know’.
Sub question c, approval of unit transfers by a central body: The majority of small SMEs in the 
UK and Germany did not require employees to seek approval from a central body for unit 
transfers, in France the majority did not know [‘Don’t Know’, 45.5%; ‘No’, 44.4%] In the UK 
and Germany the ‘Don’t Know’ response was similarly high [UK, 45.5%; DE, 47.4%]. In the 
majority of SME and Large organisations in all countries surveyed central approval was 
required for transfers, except for large French organisations where 50% of respondents did 
not know.
Sub question d, refurbishment of units before transfer: The majority of UK and French Small 
SMEs did not refurbish equipment before transfers of unit, although many also did not know 
[UK, 35.7%; FR, 40%]. 50% of German small SMEs did not know and 55% did not refurbish. 
39.3% of UK and 50% of French Large organisations did not know. The responses of the 
German large organisations were spread evenly across the categories [Yes, 34%; No, 32.4%; 
Don’t Know, 30%]. The majority of SMEs did refurbish [UK, 43.7%; FR, 43.2%; 39.2%].
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Which of the following, if any, apply to transfers of IT equipment in year company?
UK France Germany
Sma3SME SME Large Small SME SME Large Small SME SME Large
RowN % Row N % RowN % RowN % RowN % Row N % Row N % Row N % RowN %
Transfers of FT Yes 17.0 42.0 40.9 18.4 41.8 39.8 23.4 38.6 39.6
equipment are 
recorded No 84.3 19J0 16.7 68.7 21.2 121 652 25.1 8.7
Don't know 4D.9 22.7 36.4 47.6 14.3 38.1 53.8 17.6 23.5
Transfers of IT Yes 14J3 42.9 42.9 18.8 421 41.1 24.8 35.6 39.6
equipment are 
tradked No 85.6 2D.5 13.6 63.9 25.0 11.1 58.6 27.6 13.8
Don't know 41.7 20.8 37.5 524 95 38.1 42.9 28.6 28.6
Transfers of IT Yes 18.8 40.0 41.4 17.9 38.8 43.3 252 352 39.6
equipment has 
tobe approved No 48.7 30.0 23J3 44.4 38.1 17.5 482 31.7 220
by a central body Don't know 45.5 182! 38.4 45.5 45 50.0 47.4 26.3 28.3
IT equipment is 
refurbished
Yes 23.9 43.7 32.4 24.7 432 32.1 285 392 34.0
before being No 45.3 22.6 32.1 43.1 275 29.4 412 26.5 324
transferred Don't know 35.7 25.0 39.3 40.0 105 50.0 555 15.0 30.0
1.1.3 Maintenance
1.1.3.a Questions on company practice relating to requests for IT  unit maintenance
Practices relating to maintenance requests for IT units were also explored in the 
questionnaire (Table 6). The non-parametric statistical testing showed there were significantly 
different responses between the countries [p 0.001], but not the organisation sizes [p 0.550]
i.e. one can be confident of the observations for differences between countries, but the 
differences in responses between organisations in each country are not definitive. Despite the 
lack of statistically significance of the differences between responses for different 
organisation sizes, it is worth noting that in the case of the UK respondents, the majority 
[49.0%] of large organisations had a ticketing system in place whereas an ad hoc 
arrangement was used in the majority of small SME and SMEs [45.1%; 48%]. In the French 
respondents, the majority of large organisations had a ticketing system in place [35.3%] 
whereas an ad hoc arrangement was used in the majority of small SME and SMEs [58.0%; 
37.3%, respectively]. In the case of Germany, the majority of Large and SME organisations 
had a ticketing system in place [48%; 30%, respectively], whereas most of the Small SMEs 
had an informal arrangement [33.3%]. Aside from German small SMEs, less than 20% of 
organisations in all countries had an informal system for maintenance.
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Which of the fallowing best describes the process your company has far requesting IT maintenance?
UK France Germany
Small SME SME Large Small SME SME Large Small SME SME Large
Column N % Column M% Column N % Column N % Column N % Column N % Column K% Column N % Column N %
dhoc system {an 
mployee calls in rr 
lamtenance when 
iquired)
45.1 48.0 31.4 58.0 37.3 25J5 21.6 20.0 18.0
ticketing system is 
i place
11.8 32.D 49.0 2.0 21J0 35.3 25.5 30Ü 48.0
equestsfar 
laintenance have to 
d through Managers
7.8 12.0 9.8 12.0 19.6 25.5 15.7 24JD 220
he company takes 
n informal approach 
i IT maintenance
13.7 8J0 2.0 14.0 19.6 11.8 33.3 20 JO 6.0
laintenance 
iquirements are 
iscussed in meetings
5.9 .0 3.9 8.0 2.0 .0 2.0 6.0 20
rther {please specify) 15.7 .0 3.9 6.0 .0 20 2.0 .0 4.0
1.1.4 End-of-life and disposal governance and practice
1.1.4.a Questions on the party responsible for deciding if a unit was at end-of-life in the 
survey organisations
The non-parametric statistical testing showed there were significantly different responses 
between the countries [p 0.041] and the organisation sizes [p 0.040]. In the UK organisations 
IT managers and IT technicians were the two most common parties responsible for deciding if 
a unit was at end-of-life with the exception of Small SMEs where the two largest were IT 
manager and senior manager (Figure 1). In the French organisations, IT managers and IT 
technicians were the two most common parties responsible for deciding if a unit was at end- 
of-life (Figure 1). In the German organisations IT managers and IT technicians were the two 
most common parties responsible for deciding if a unit was at end-of-life with the exception of 
Small SMEs where the two largest were IT manager and senior manager (Figure 1).
1.1.4.b Questions on the party responsible for responsible for disposal at end-of-life
The organisations were asked which party was then responsible for disposal at end-of-life. 
Non-parametric statistical testing showed there were significantly different responses between 
the organisation sizes [p 0.000], but not the countries [p 0.510] i.e. the below observations are 
definitive for differences in organisation size, but no comparisons can be made with regard to 
differences between countries. In the majority of UK and French Small SME and SME 
organisations, the person responsible for declaring a unit end-of-life was also responsible for 
disposal. In the UK and French large organisations, the parties responsible were split equally 
between the person deciding if a unit was at end-of-life and an outsourced organisation. In the 
majority of German respondents of all sizes, the party responsible for disposal was the same 
as for deciding if a unit was at end-of-life (Figure 1)
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Other [pease
Row h i '4 Row N 14 R ow N  *4
Sm a* S M - 11.8 7.8 16.7
GME 52.0 24.0 24.0 .0
Ldige 39.2 17.0 39.2 3.8
France S r» £ S M E 72.0 120 1 2 0 4.0
SME 62.7 13.7 21.6 2 0
Large 41.2 16.7 4 1 2 2 0
3e rnany S m af SME 54.9 27.5 13.7 3.6
SMS 58.0 24.0 18.0 .0
Large 40.0 26.0 28.0 6.0
[C] [d ]
Figure 1. End-of-life responsibility in the survey organisations
1.1.4.C Questions on the party responsible for responsible for outsourced disposal
Should disposal have been outsourced to a third party, respondents were asked about the 
nature of these organisations. The non-parametric statistical tests showed that there were 
significantly different responses between the organisation sizes [p 0.000], but not the 
countries [p 0.354], The majority of the UK and French Small SME respondents had an 
informal arrangement with outsourced organisations for disposal [54.9%; 62%, respectively], 
whereas the majority of German small SME respondents used a contractor [51%]. In the SME 
respondents; the majority of UK organisations used a supplier [36%, ‘supplier’; 34% 
‘contractor’; 30%, ‘informal’], the majority of French respondents had an informal arrangement 
[informal, 35.3%; supplier, 33.3%; contractor, 31.4%] and the majority of German respondents 
used a contractor [60%]. In the majority of large organisations a contractor was used [UK, 
54.9%; FR, 52.9%; DE, 60%] Figure 2).
1.1.4.d Questions on how far into the disposal process survey organisations had visibility of 
their units
The respondents were surveyed on how far into the disposal process the survey 
organisations had visibility of their units. The non-parametric statistical tests showed that the
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differences in responses between the organisation sizes [p 0.199] and the countries [p 0.626] 
were not significant. Although no trends with regards to differences between countries and 
organisations should thus be inferred, it is worth observing that the majority response for all 
organisations of all sizes in all countries surveyed indicated that the organisations had 
visibility of units until the units left the site on which they were used. In all countries and 
organisation size categories, the proportion of surveyed organisations with visibility of units 
until they left the site was greater than or equal to 49% [Nearest competing response 
considering all situations was: ‘other’, 23.5%]. Organisations which tracked units until they 
reached a collection point made up less than 30% of respondents in all countries and 
organisation sizes. Overall, if the categories are aggregated, 66% of organisations surveyed 
tracked units until they left the site on which they were used (see Figure 2 [b], [c], [d] for an 
indication of the spread of responses).
i  disposal is cutscuroeri is i: through a specific  
party e .g . the suppSsr o r s  contractor o r is th e -e  : 
m ore inform al arran g em en t?
Through a 
supplier
Through a 
contractor
Through an 
informal 
arrangement
Row N % RowN Si Row N %
UK Small SME 31.4 13.7 54.9
SME 38.0 34.0 30.0
Large 35.3 54.9 9.8
France Small SME 14.0 24.0 62.0
SME 33.3 31.4 35.3
Large 33.3 52.9 13.7
Germany Small SME B.8 51.0 392
SME 28.0 58.0 16.0
Large 20.0 80.0 20.0
[a]
H o w  f a r  i n t o  t h e  d i s p o s a l  p r o c e s s  a r e  u n i t s  t r a c k e d  f o r  -  F R
H o w  f a r  i n t o  t h e  d i s p o s a l  p r o c e s s  a r e  u n i t s  t r a c k e d  f o r  -  U K
[C]
I
Until they leave W hen they reach W hen they reach Other (please
D  Smel SMC
[b ]
H o w  f a r  i n t o  t h e  d i s p o s a l  p r o c e s s  a r e  u n i t s  t r a c k e d  f o r  -  D E
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[d ]
Figure 2. Visibility of the disposal processes in the survey organisations
1.1.4.e Questions on the average age of units reaching end-of-life in the survey organisations
The surveyed organisations were asked the average age of their units reaching end-of-life. 
The non-parametric statistical testing showed that there were significant differences between 
the responses from different countries [p 0.013] and organisation sizes [p 0.010], In the 
majority of UK respondents, the average age of units reaching end-of-life was more than 5 
years for small SMEs [31.4%], 2-3 years for SMEs [38%] and 3-4 years in large organisations
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[39%] (see Figure 3 [a] for spread of responses by count). In the majority of French 
respondents, the average age of units reaching end-of-life was split equally between more 
than 5 years and 3-4 years for small SMEs [26%], 3-4 years for SMEs [43.1%] and 4-5 years 
in large organisations [33.3%] (see Figure 1 [b] for the spread of responses). In the majority of 
German respondents the average age of units reaching end-of-life was 3-4 years in small 
SMEs and large organisations [36%; 42.2%, respectively] and split equally between 2-3 and
3-4 years in SMEs [36%] (see Figure 3 [c] for the spread of responses).
1.1.4.f Questions on asset tagging practices at end-of-life
Asset tagging practices at end-of-life were also explored. The non-parametric statistical tests 
showed that there were no significant differences between the responses from different 
countries [p 0.709] and organisation sizes [p 0.076]. However, for all countries and size 
categories, a distinct majority of respondents indicated that company logos and details were 
removed at end-of-life (Figure 3 [d]).
T h e  a v e r a g e  a g e  o f  u n i t s  r e a c h i n g  e n d - o f - l i f e  i n  t h e  U K T h e  a v e r a g e  a g e  o f  u n i t s  r e a c h i n g  e n d - o f - l i f e  i n  F R
Up to 2 ye iiis  2 3  yea is  3-4 years 4 5 years More than 5
T h e  a v e r a g e  a g e  o f  u n i t s  r e a c h i n g  e n d - o f - l i f e  i n  D E
Org Size
? years 2-3 years 4-5 years More than 5
A ss e t lag g in g  a n d  m arking  o f en d-oW ife u r n s  an n is p c s a
re r r c v e d 't r c m
L o g o s a n d
so m e ^ m e s
rem o v ed
L o g o s an d  
rem o v ed
Al u n its  a r e  
m a*kec vf.th 
th e  co m p a n y  
ta g p a n d
R c w  N % R c w  N % R o w  N %
UK S m all SM E 3 .9 21 JO 2 5 .5
52.D 1 4D 6 0 2 8 .n
L arg e 5 Ê S 1 1.8 9 .8
F ra n c e S m all SM E 5 2  .D 1 2Ü 14 0
SM E 5 4.9 1 3 .7 1 1 0
L arg e 4 3.1 11.8 7 0 3 7  3
G erm an y S m all SM E 41.2 21 .€ 1 9 0 17.6
5<.C 1 4.0 4 .0 2 8 .0
L arg e 8 .0 1 0O 2C .0
[d ]
Figure 3. The average age of units reaching end-of-life in survey organisations and unit 
traceability
1.1.5 Recycling, refurbishment and donation
1.1.5. a Questions on recycling and reuse practices in the survey organisations
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The organisations were asked whether they recycled or refurbished their end-of-life 
equipment. The non-parametric statistical tests showed that there were no significant 
differences between the responses from different countries [p 0.302] or organisation size 
categories [p 0.162]. Although no differences can thus be inferred between countries or for 
different sized organisations, it is worth noting that the majority response for all respondents 
was that units were recycled and refurbished depending on the equipment. Almost a third 
(32%) of the French small SMEs surveyed indicated that they did not recycle or refurbish 
units; this was the largest category with this response. Aggregated together, 82% of all 
organisations surveyed recycled or refurbished some of their end-of-life IT equipment (see 
Figure 4 [a] for the spread of responses).
1.1.5.b Questions on the volume of units recycled and refurbished in the survey 
organisations
The respondents were also asked to estimate what volume of their end-of-life units were 
recycled and refurbished. Responses were in banded categories with increments of 10% 
each. The non-parametric statistical tests showed that there were significant differences 
between the responses from different countries [p 0.001], but not organisation size categories 
[p 0.050]. The UK and German responses had no particular bias towards the lower or higher 
categories of proportion of end-of-life units recycled or refurbished (see Figure 4 [b], [d] for 
spread of responses). However, the French responses were biased towards the lower 
categories i.e. fewer units appear to be recycled or refurbished compared to the other 
countries (see Figure 4 [c] for spread of responses). Generally, the responses were quite 
evenly spread across the percentage bands since for all the countries and for all organisation 
sizes, the proportion of responses in each category of end-of life units recycled and 
refurbished was less than 20% except for UK and French small SMEs [31.3%, ‘0-10%’; 
36.4%, ‘0-10%’, respectively].
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Figure 4. Recycling and refurbishment of units in the survey organisations
1.1.5.C Question to show whether IT units were donated to charities at end-of-use
The survey organisations were asked if they donated used IT units to charities (Table 7. 
Charitable donation of end-of-use units in the survey organisationsTable 7). The non- 
parametric statistical tests showed that there were significantly different responses between 
the organisation sizes [p 0.000] in each country, but not between the countries [p 0.444]. The 
most common responses across all organisation sizes in all countries were ‘sometimes’ and 
‘not at all’, no other response had a proportion greater than 21.6%.
Table 7. Charitable donation of end-of-use units in the survey organisations
Is refurbishes IT equipment donate: to chanties, or not?
Always
Most of the
time Sometimes Hardly ever Not at all
Row N % Row N % Row N % Row N % Row N %
UK Small SME 5.9 6.8 35.3 17.6 31.4
SME 4.0 20.0 54.0 8.0 14.0
Large 2.0 15.7 43.1 11.8 27.5
France Small SME 2.0 16.0 26.0 14.0 42.0
SME 2.0 21.6 35.3 21.6 19.6
Large 7.8 13.7 29.4 19.6 29.4
Germany Small SME 2.0 7.8 35.3 21.6 33.3
SME 2.0 18.0 54.0 14.0 12.0
Large 6.0 14.0 42.0 14.0 24.0
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1.1.5.d Question to show whether IT  units stay in the country after they are donated to 
charities
The non-parametric tests showed that there were significantly different responses between 
the organisation sizes [p 0.001] and the countries [p 0.002] (Table 8). The majority response 
in all organisation sizes and countries was ‘don’t know’ except for German SMEs for which 
the majority response was ‘the equipment stays in the country’ [66%]. Less than 12% of 
respondents in all categories said that the equipment they donated left the country.
Table 8. Visibility of charitable donations in the survey organisations
Which one of the following happens to equipment 
once it is donated?
The The
equipment equipment
leaves the stays h  the
country country Don't know
Row N % RowN % RowN%
UK SmaSSME 3.9 21.6 74.5
SFÆE 8.0 40.0 54.0
Large 11.8 31.4 58.9
France Sma3 SME 2.0 30.0 68.0
SME .0 43.1 56.9
Large 7J3 35.3 56.9
Germany Sma] SME 3.9 39.2 56.9
SMS 12.0 66.0 22.0
Large 8.0 40.0 52.0
1.1.6 IT  Management Policy
1.1.6.a Question to show whether IT  disposal featured in the survey organisations EMS
Organisations were asked if IT disposal was included in their Environmental Management 
System (EMS) or equivalent (Table 9). The non-parametric statistical tests showed that there 
were significantly different responses between the organisation sizes [p 0.001] and the 
countries [p 0.000]. In the majority of UK small SMEs, IT disposal was not an explicit feature 
of their EMS [41.2%], in the majority of SMEs it was [46.0%] and the majority of large 
organisations did not know [43.1%, followed close second saying ‘Yes’: 41.2%]. In the 
majority of French small SMEs and SMEs, IT disposal was not an explicit feature of the EMS 
[44%; 47.1%, respectively] and in the majority of large organisations it was [47.1%, ‘Yes’; with 
39.2% with ‘Don’t know’]. In the majority of all German organisation sizes, IT disposal was a 
feature of the EMS [small SME, 43%; SME, 60%; large, 80%].
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Table 9. End-of-life IT in the company policy of the survey organisations
Does the it  management po&cy feature explicàiy 
in the Environmental Management System or 
equivalent?
Yes No Dentknow
RowN% Rmv N % Row N %
UK SmaSSME 21.6 41.2 37.3
SME 46.0 32.0 22.0
Large 41.2 15.7 43.1
France 5ma3 SME 24.0 44.0 32.0
SME 31.4 47.1 21.6
Large 47.1 13.7 3BJ2
Germany Sma3SME 43.1 27J5 29.4
SME 6DJ0 24 JO 1BJ0
Large B0J0 1DJ0 10.0
1.1.6.b Question to show what level IT  disposal policy decisions were made at
Respondents were then asked at what level policy decisions on IT disposal were made (Table 
10). The non-parametric statistical tests showed that there were significantly different 
responses between the organisation sizes [p 0.001] and the countries [p 0.000]. In the 
majority of UK small SMEs, policy decisions on IT disposal were made at the site level 
[47.1%], whereas in SMEs and Large organisations, they were made at a corporate level 
[54%; 56.9%, respectively]. In French organisations of all sizes (Small SME, SME and Large), 
the majority of respondents made policy decisions at the corporate level [76%; 56.9%; 62.7%, 
respectively]. Similarly, in German organisations of all sizes (small SME, SME and Large), the 
majority of respondents made policy decisions at the corporate level [45.1%; 32%; 70%, 
respectively].
Table 10. Policy level of end-of-life IT in the survey organisations
Are end of life IT management po-cy decisions made at a corporate, regional, country
or site level?
Corporate Regional Country Site
Other (please 
speedy
RowN% Rmv N % Rmv N % Rmv N % RmvN%
UK Small SME 17.6 13.7 9.8 47.1 11.8
SME 54.0 20.0 4.0 22.0 .0
Large 53.8 15.7 7.8 15.7 3.9
France Small SME 76.0 4.0 6.0 12.0 2.0
SME 56.8 23.5 7.8 9.8 2.0
Large 62.7 7.8 15.7 9.8 3.8
Germany Small SME 45.1 15.7 11.8 25.5 2.0
SME 32.0 22.0 20.0 24.0 2.0
Large 70.0 10.0 12.0 6.0 2.0
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Semi-structured interview headings
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Collection _____________________
Can you describe the mix of products you collect?
■ Do you have a preferred product?
■ Is there a lot of competition for that product?
How are potential customers approached/do they approach you?
What is the relationship between customer and collector; are transactions ‘a one off’ or 
repeated
■ Do customers use multiple collectors?___________________________________
Do you charge for collection?
■ Do you share profits from resales with customers?
■ What are the criteria for such arrangements?
Do you collect units yourself or use contractors?
Are metrics collected from units like Brand/model/serial number? 
■ Are these reported?________________________________
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Operations__________________________________________
What volume of units that are resold and recycled by you organisation a year?
What are the criteria for deciding whether to re-sell or recycle units?
Are units remanufactured before resale? 
■ Is this done internally?________
Can you estimate the age range of units that you collect?
Do you have a centralised, collector owned, recycling facility?
■ If not, can you describe the operational model?
■ Could you describe some of the other models of collection and treatment in the
_______ industry?_____________________________________________________________
Do units for reuse stay in the country? Do resource streams stay I the country?
■ How can you tell?_______________________ ■ How can you_tell?____________
Richard Peagam 186
Appendices
The market
How do the recycled materials get on to the materials market?
■ Do you deal directly with materials brokers or are there any third parties in between?
How does the revenue generated here compare with that for the collection?
■ What are your most profitable resource streams?
■ What are your least profitable streams?
■ Do these change over time?
Is there any industry wide data available on collection (Volumes etc.)?
Are there any professional bodies representing the industry?
Could you estimate your organisations market share of (business) WEEE arising?
Could you estimate the market share of other similar sized organisations?
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